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: o . ABSTRACT . *

A.multdtude of design strategies are avai le to aéhiébe energy—
efficient windows. Opportunities for improving window performance
fall into six groups site, exterior appendages, fiime, glazing,

imterior accessories, and building interior. Design strategies ° .

.+ within these groups can improve one or more 6f the six energy .

functions of windows: solar heating, daylighting, shading, insu- . -

+lation, air tightness, and ventilation. Included.in this report
rare 33 strategies; an explanation of the physical “phenohena respon-
ible for edch strategy s energy Performance, summarized energy and
§bn-energy advantages and disadvantages; aesthetic cohsiderations‘
« cost appr0ximations, example installations, laboratory studies, or -
calculations-by the authors; and. references. ’ Intended readers | )
. include professional .designers, lessees and owners ‘of commercial % :
space, home buyyers afd owners, window ‘component manufacturers, and
_researchers. The report s purpose.is to draw.attention to the wide
range of options currently available to conserve energy.with windows.
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A ’ INTRODpCTION, . Y . / ‘
- g - 4 ‘ o . A /.’ v . -
+ Windows can substantia ly altef thefamount of purchased energy * ;~
required tonnaintain omfort.” Wel designed, they can actually /,/ -

, provide a net energ ' gain; poorlydesigned, they can be*an enormous .
' energy burden, T s report proyides design strategies tg‘mak L. |
windows energy't serving. Each strategy is directed at improving : . \‘

one or more of fthe six ener functions of windows, which\dre: : o

. providing winger solar heét; pIOVlding year—round dayli Hting, . o
Ject : ) t, providing insulation and dir tightness \

" ds of heating or ajr conditioning, and/providing natu- \

-~ Tt frame and glazing’ Site strategies can minimize adverse cli-
//&atic forces and/op amplify beneficial climatic forces; exterior ¢ ~
_ appendages a;d interior accessories can supplemen® the capabilities
.o . of the window frame and glaZing, and building interior Strategies
can dnsure maximum benefit is’ derlj?d from the energy assets the . s

window prgvides. -

-

N [}

'/éj/4‘ > onsible for : stategy's performance, This is followed by‘ﬁi'
1¥st summarizing tQe .energy, as well as non-energy, advantages and
isadvantages of each strategy. Then, since windows and theiT
accessories can‘drastically‘affect the quality of “the building -
‘{',exterior .as well as the character of the building exterior, aes-
//// thetics are discussed. Brief price inquiries_are reported<tto

<

/ provide ‘est'imates of first costs. Installation was not included in

A ___nunat_cas:ifigurgs_hgcanse of the,wjdg _a;ignmigsgallation situa-
tions'?htroduce, More-precise dollar igures should be obtained

from local distributors. before life-cycle costing is, calculated for

an actual building. Finally, the references us¥d- in writing and - ..
illustrating each strategy, and sources for further informatipn ) -
.. are listed. ) ] ) “\

¥ Selection of individual strategies should be based on the importance
/ of each of the window's energy functions, considering the local ,
climate, the time of day and/or seasons the building is most used,
* " and the environmental requirements.of the activities being housed.
The strategy/function cross-referende table following .the intrgduc-
. ,tion,is provided to help select strategies addressing the energy
functions determined to be most important for a specifie project.,
Final evaluktion requires recaéfulation of the total window system,
since the performance of strat®gies in combination may differ frem
the sum of each individual s“performance.

—~ gl

o’ A ‘ < .




A
The report is not only intended for the professidnal designer but
«also for the researcher, ‘to suggest furtlier investigation of the
* many energy—conservation potentials of windows; the manufacturer,
to encourage further refinement of the energy-copservation. qualities
of his product(s); and.'the commercial lessee or home buyer with .
the hope that mozre energy-efficient windows will result as a cdnse-
,quence of demand from a consuming public better informed of the
range of energy—conserving options available. - - . .
Work on this report has been‘conducted w1th1n the frameyork of an!
National Bureau of Standards interdiscipllnary’research project on .
the energy-related performance of windows. The work on this project
was partially in support -of the’ development of Building Energy -
Perforfance Standards. It was Jointly supported by the Energy-
Research and Development Administration (Contract E(49-1) 3800), by
the United States Departmefit of Housing and Urban Development ,
(Contract No. RT 133-12), and by the National ‘Bureau of Standards.
. The content of the Yeport draws heavily upon research and data
published by prlvate industry.. In referenc1ng this materjial, NBS
ip no way. endorses$ specific manuﬁacturersﬁpr products. Professional
judgment must be exercised in assessing the -capabilities of strate- .
gies singly or.in combination for spec1fic building projects,’

.')
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. . . N . . y

§ ‘ . - GLOSSARY .
. SOLAR .HEAT NG : ) i ) ( ’

-

.

.y Total Solar Transmittance = thé amount of solar energy trans- .
. i mitted through the window configuration divided by the -
. * total energy incident (striking) on the outside surface.
, . (Givensas a percentage. ) . » -
.+ ., latitude: for the convenience of the reader a map of the U. S.
with lat1tudes is provided on ‘the opposite page. *
) DAJ;IGHTING ~ o , - )
. . " » v
+Visible Transmittance = the amount of visible Jdight transmitted
. through a window configuration divided by the amount of

.

-

visible light 1ncident on the outside surface. (Given .. N
as a pcrcentage ) e ' » ‘

SHADING : - ) o~ .

-~ . -
v' - . -

Shading Coefficient = the total amount of heat transmfgted by
. . a window configuration d1v1ded by the total amount of ‘heat

o transmitted by a single pane of double strength (1/8"),°

glass. ‘ ,

INSULATION: ° . . . - °
—————— . 1' . , . et
’ Btu = amount of heat required to raise thé température of one
' ) pound of water at its maximum densify 'one degree Faienheit.
* 3‘
"U-value = the amount of heat conducted from the inside ait, -
AR through the window configuration to the outside.air, or
’ ’ vice versa, in the ‘summer. A 15~mph ‘outside wind is ‘absumed
in the.winter, a 7 1/2-mph outside wjnd is assumed ‘in ths_
gummer.  The air inside 1s assumed still .summer and winter,
(Given in Btu/square foot, hour degree Farenheit ‘difference
between outside -and' inside temperatures ) For example,_a
U-value of 0.50 means 0.50 Btu's pass. through ‘each square .
foot of window configuration for every hour and, for each<
Farenhe}t ‘degree difference existing between the inside .
and outside temperature. ) . . . : : :
R-value the resistance a material offers to, the flow of heat I .
ﬁrom one surface to -anothe The reSistance between the
'surface to the air is consi red separately. The reciprocal-
. . . tof the Sum of the Resigstances equals the %gvalue. Uﬁfs
. (R #R#. R ). 2 . .

- ' ~ * ~ .

o hIR TIGHTNESS, VEﬁTILATION' e . fer .

Volume of air passing. through an opening cubic %;et «of air -
: for a given time period divided by cxack length (for . '
- oo infiltrationz or divided by open area of sash (for . * . N
ventilation) ix . o )

I

. . / >
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. * .SI CONVERSION '

- b °

In view of present agcepted practice in thie country in tifis
technotogical area, common U.S. units of measyrement have been
wsed throughout this paper. In.recognition of the position of -
the USA as a signatory to, the General Conference on Weights and

. Measures, which gave official status to the metric SI system of

untts in 1960, we assist’ readers Interested in making use of the ’
coherent system of §I un@ts by giving conversion. factors applica-
ble to U.S: units used in this pdper.

. 2 . v 4

Y -
. ‘.

P - 55
’ , L X . . #

. . f{ .  Length - o .
' P < : & . :
) . 1 in = 0.025% meter* ‘(m) , \
. 1 ft = 0.3048 meter* (m) ) y
5 7 » "
" Area t T
. - . i K] ?
. 2 -~ y 2 3
, - 1 ft” = 0,0929 square meter (m") '
Volume , ’ o - , T PR
3 3 i -
1 ft& = 0.0283 cubic meter (m”) *
s H . . 1 ’ - v
‘ . » . _M_@_S__E .. :.; . Y \- . '?LE .2 ’. -
[N -0 . - . \ 1 9 :.'
11b = 0.453 kilogram (kg) -~ - = 7
' Mass/Volume (Density) . ’ . :
. . Y - ‘ .
S e 1 lb/ﬁg 16 02 kilogram/meter (kg/m3) : .
. ¢ Temperature, . B ) .
oL " D o ' ' ' . " *
e degree Celsius*(°C) = 5/9 (°F -32) - . - °°
* Vglume/Time (Flow) -, R ' o
\ . 1 cfm = 0.000472 meteralsécond (m3/s)" - .
. . s 8 . . - A
- Velocity . - R
;l fph =ub;447’meterL§econd m/s) - . .
‘. Quantity of Heat . . . DA
S, 1 Btu = 1055¢87 joule (J) . .
Thermal Resistance ) ) T~ RN
) 1 °F h f;letu =_b.l76 square meter degree Celsiug/Watt (p2(°C/W)
S| e T - : ‘ i
oL ma * exactly . I 1 v
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Fan

.

@w%éﬁ diminish the force of the ‘wind.
v = . .

'n_éf adjacent walls and roofs,3as well as windows.

s

Two ﬁ%y site considerations are the siting of [a building
¢ \

to prowide favorable window orientation to thed sun and

favorable window orientation to prevailing widds., Land-

scaping can also improve”hindow performance. |Shade trees

“can seasonally control direct radiation from the sun;

L]
ground surfades can.control reflected radiatioh; planted

-’ -

. ‘e . c . .
ground cover can moderate air temperature; &dnd |windbreaks

& . . -

|
4 -

In general ﬁhere .are two advantages to 1mprov1Tg w}ndow
performance through site design. First, adverse ckimatic

forces are moderated at’a distance ™ Residual forces are

-
»

then dissipated befofe ercountering the windows . '%econd,

clihatic moderation is }dkel& to improve the performance

\ )

-

. (O -
‘- oy
" The effectiveness of improving.the &fergy performance of -
c{e ‘ et .
windows. through site design is apparént if heat-gain/heat-

N \ ’ - - -
loss calculations are-first computed with unad justed regional
. /

climatic.statistics, then recalculatied considering the( .

Y

tempering,of sun, wind and air temperature gossible thﬁgugh

Site design.. The- site-moderated»window performance shotild

-

\
be the basis for making trade—offs in windoy design. \e,

.
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1). WINDBREAKS/Air Tightness, Insulation; Ventilation - T
STRATEGY: .
Install a fence and/ " row of trees or shrubs as a wind barrier
to reduce wind presspre on. windows. . . -
PHENOMENA :
1) Air infiltration through windows can be reduced by di- -
‘ . minishing wind pressure by means of a windbreak., The most
effective location for a windbreak is upwind a distance of
s'. 11/2 to 2 1/2 fimes the height of the ‘building. At this .
distance, the wind will be deflected up and well over the
building, reducing the pushjing action on the bullding s
windward side and the pulling action on its leeward side.
* . - - 2

: 1%h — 2%h - . K
- >

R ~
L4 o N i ’ -
Figure 1. Windbreak Distance " e -,
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2y A windbreak is‘more effective if it allows part of the wind
" to penetrate. A solid w1ndbreak creates a low pressure area
. / on its leeward side with resulting strong ,eddy currents.
f These may be as dedtructive as direct wind in eroding the =
still air film at the surface of the w1ndow., Allowing a

' . " portion of the wind to pass through the windbreak ténds to
f“ " relieve this leeward suction. This is illustrated in “the
L following comparlson between a solid wall and an open fence.
4 . \
) ';,_’ 3 ‘ N .
/
. £l
L 2 .-
o > . * ~ ga
. ’ ’ :
3 4 . " . . * .
| < ° f !
— - —— -
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- < Figure 2.  Airflow vs. Fente Desiﬂ Lo .
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minishing the amount of wind flowing across the gldss
Glass is a .good conductor of heat and therefore affords
little impediment to heat flow. However, a still layer of
air at the surface of the glass does retard heat floy ‘
Blocking the wind will protect this bdundary layer’ of| air
‘+from the scpurlng force of wind. The importance .of
boundary layer of air ig illustrated, pelow:

-
A

. STILL . SINGLE ~ OUTSIDE

INSIDE GLASS ‘
AR . AR

§
R—-68WmMﬂ " 0.72UVALUE"
R= 68+ R=: OC? + R.=.25(75mph) |= 1.04UVALUE
R—17ﬁ5mM) 1.13 U VALUE
| .
i

Figure 3. Heat Flow Through Glass VS. Wlﬁd VGIOCIt) .
tos s ' . 4’
- . . l

!

Prevailing winter winds come from a different direction than
prevailing summer winds in much of the U. S, Therefore, a /
" tindbreak can be placed ‘to divert winter wind away from a ,

building without interfering with summer breezes. ;o

«

-~/




~

-

¢ N ) 1) , Reduced air infiltration through cracks around windows.

‘gég '-2)' Reduced heat loss through the glass by diminished wind eroSion
of the insulating boundary layer of air at the glass surface.
]
.t 3) Partial protection from the summer sun on east and west///,)
- orientation when the sun is low in the sky.

4) Privacy.

5) Improved natural ventilation when the windbreak geometry
_ funnels breezes. . )

Y

6) Snowdrift control (snow will collect at the leeward side).'

. 7) Slight reduetion in noise from sources beyond the windbreak.
: ) 3 { . )
{ , ‘ K
DISADVANTAGES:

[}
a ~
>

« 1) Possible need of pruning, fergiiizing, watering, and
Iinsecticides. g . '
R “~ e . ~ ‘ , \
& - 2) Difficult to establish where windbreak is most likely to be
’ effective in' built—-up areas due to complex wind patterns.

3) Possible increased chance of burglary when windbreak impairs
. surveillance of windows by neighbors or pedestrians. .

»
LY

' AESTHETICS: _ -

< -~

. 1) Windbreaks and shrubs can imprbve the overal% aesthetic‘
) character of a neighborhood‘ -

2) Windbreaks_can be used Jo physically or\implicitly define the
‘ . boundaries between pthic and private space.
. ’ N N ]
Co 3)° Windbreaks can obstruct distant views.
. 1 3

¥
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EXAMPLES: . ’ s -

. e
ety Lok

* |

-
- -

A three-foot-tall American Arborvitae costs‘$6 delivered,
according to a Washington, D, C., nursery. Spaced 3 feet
apart, this amounts to $2 a linear foot.. E T

. -

A six-foot-high fence consisting of boards staggered on either
"~ side of a 2 X 4 costs $33 per eight-foot section (including
one,post) delivered, according to one Washington, D.'c.,
. Lumbex yard. This amounts to,$4.13 per linear foot.

K3 -
.

-
N "

1) George Mattingly and Eugene Peters of Princeton University are

studying the effects of wind on a group of townhouses at Twin

. Rivers, New Jersey., Results from scale models in a wind .
QMﬁgel suggest that a five~-foot-high fooden fence would reduce
.air~infiltration 26 to 30 percent; a single row of evergreen
trees as tall as the house would reduce air infiltration 40
percent; gnd a combination of the two would reduce air infil-
tration 60 percent, The best location for a windbreak was at

"a distance of 1 1/2 to 2 1/2 windbreak heights upwind from. the

+  house. The results of the wind tunnel tests are now being

studied in a full-scale field experiment at Twin Riveys.
(75,Mattingly,p37) = (year, author, page) >
[ 4

2) - Another experiment was' cguducted by the Lake State Forest i
Experimental Station in Nebraska on two identical houses. One
was fully exposed to the wind, and the other was protected by
dense shrubbery. The exact fubl_conqpmptioh for maintaining
an indoor temperature of 70° F in each house was measured. A..
"savings of 23 percent was recorded for the protected house,
(63,01gyay, p99)

¢
.
.

SimIlar results are reported in a study conducted in South
Dakota. A fully exposed electrically heated house required
443 kWh to maintain an inside temperature of 70°F from January
17 to February 17. An identical hdﬁse sheltered by a ‘wind-
break required only 270 kWh. The difference in average energy
requitrements for the whole winter was 33.92 percent,

+ (74,Flemer,p2) . .

AN . . = ) .

3) Following the References are ‘two wind maps of "the U. S»-,

" showing the dire¢tion and mean velocity of wind for’July
and January. (68,ESSAlp73) N ‘ jf1“§,

.

-
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12 SHADE TREES/Shading, Insulation = —  ~

Y
«
L

STRATEGY : oy 0 - ’ \ o

w ’

,a

- Plant,deciduous trees_to previde shade in the summer amd admlt
. . - sunlight\ in the winter. -Plant evergreens to provide shade in
the sumfer and to reduce window heat loss to the night sky in
the winter. . . -,
- 1 ,

PHENOMENA: -

ip) Deciduous trees provide shade in summer, then {ose their
leaves and admit sunlight in the winter. A tree-shaded,
o8 south-facing window receives less- solar heat than an unshaded,
v - . north-facifig window. (The north window receives diffused
S radiation from clouds.) This solar protection increases
continuously throughout the summer, as shqun below. -
{65,Forest Serv1ceyp77) s

4

;’ i TYPE OF FOREST PERCENT OF LIGHT PENETRATION

’

_ . HT'April May ' Seg’,,—’
g’ , Evergreen L. . 7"
‘ Deciduous, ) kh l 23 5

. .
. o8 -
- ~ s .

q - Y >
.

. . 2) Trees got only reduce window Heat gain by*blocking direct T
) : sunlight penetration but also by lowering the ground. surface
: temperature. In a test conducted at Indiana University, -whén
v the air temperature was 84° F, concr exposed t6 the suh was
. 108° F while concrete shaded by’ aﬁyégii tree was only 88° F. °
' - (75,FE&,p3) The heat gain through a tree-shaded window is
R ) . therefore diminished both by reduced heat radiation from the
round and correspondingly cooler air-t up atures. ’




. hed v
4 . s )

3) The sun’s path is lower in the'skyEin the winter than-in the
summer. Therefore the suh's fays may be low enough to angle »
LA below the’branch structure of -a tree adjacent to a window.

P . Summer * - ‘ Wlnter ‘/\

anure 4. Seasonal Sun Angle vs. Tree Interference v

L &) On a w‘ster night the outside surface of the window ‘radiates
heat to*the terrain and the sky... The winter sky has a much
colder aVerage temperature compared to "the ground which re- -
radiates heat accumulated during the hours of sunlight. —_
An evergreen tree in,close proximity to a window will obstruct

. the winter night sky.. The temperature of the tree wi}l approxi—
mate the air temperatures Radiant heat loss from the wAndow -

to the tree will therefore betless than to the much colder -

night sky. This phenomena®is illustrated by frost appeariug

on open fields" earlierathan under trees. .

s . L

N

PR

5 l‘ ) ‘ ! - ‘
. “ADVANTAGES: i ‘ " v
< 7 v 3

v LN e ! <

"1) Reduced summer sglgr heat gain with only slightly decreased -
winter solar heat .gain when deciduous trees are usedV (Trees
with foliage, low to the-ground are eépecially effective?on

* east and-west e&posures where rod fkoverhangs provide no

«protection from low angle sunrayst)’

>



Reduced summer solar heat gain and reduced winter night- sky
heat losses with the-use of evergreens.

’

Reduced or eliminated glane from the sun and' bright sky.
- . , —

Protection of windows from driving ‘rain or hail.

-

. DISADVANTAGES : .

'l) )

)

} .
Required maintenance, including not only fertilizing, pruning
deadwood, and possibly sPraying to control insects, but also
removal of leaves from grounds and rainwater gutters.
' 13
Increased likelihood of storm damage due either to lightning |

’ or wind-broken tree limbs. e

’ ’ o . . 1\

‘Possibility of. root blockage of underground éewer.pipeSi

. \Y +

/ N . - * ‘ .
Beneficial winter solar heat gain glocke& by evergreens.
) [

. % &e,

. The quality of light under trees is much different from the

quality of light under a roof overhang. Light dnder a roof’
overhang is principally \blue light" diffused from the blue -
sky. The light under deciduous trees is principally "red
light" filtered through' the leaves. This éffect '¥s.greater
with deciduous grees than coniferous trees. (65,Forest
Service,p65). In addition’to the difference. in color quality,

trees may dapple a window with-a .pattetrn.of sunflecks pene-~ .

trating the canopy of leéaves or needles. This pattern moves
with breezes and}changes density;yith the seasons..

Trees may be selected for théir softness and irregularity oT.
their natural or pruned shapes to copplement the hard-edged .
geometry of t e ;huilding. PFor examfle, maple and ash provide
a‘circular m&98ing in summer amd an ascending open branch °
pattern in ¥inter. The linden is spherical .also, but’'in .,
winter it has a dense, twiggy branch pattern. Honey locust , _

- and tulip trees are vertical obplongs in ‘form, while white oaks
_ are horizontal oblongs. Poplars are column-like in shape and

American elms are vase-shaped. (73 Olgyay,p76)

Trees can provide an effective unifying element to a complex
of buildings. . ] Y

H

" Trees can affect the scale of the setting inﬁwhich .a building .
. ds seen. ~

1+11

25




A Washington, DC, nursery quoted the following prices for

" trees delivered in small quantity (price does not include
planting). A 6-foot odk or maple costs $8 to, $10. Prices.of
talder trees vary with their growth rate: a “20-foot maple

f costs $70, a 20-foot oak costs $300 to $350. A 6-foot hemlock
costs $25, a 10-hemlock costs $50

~

‘ ‘ . . (4 . -
Th® following éiagram illustrates.the calculated effectiveness
of a shade tree on the east or west side of a house in reducing

the air temperature in the shaded area. (74,Weatherwise
Garden1ng,p32) N

” 'r—;l\‘(l’*_‘.——-rh T -
3691236 9 36912 36-9 . 36.91236"9_
.. am. pm:: a.m. . - pm am. - T op.m.
’ “ ¥
Exposed i Shaded-West Shaded-East/West
- ’ . . ‘ ’

L] - >

Figure 5.  Shade Tree Effectiveness vs. Orje'ntaiio’n
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13" GROUND SURFAGES/ Daylighting, Solar Heating *

e -

-Use light-colored ground surfaces to reflect sunlight’ into
windows, dark-colored surfaces to absorb sunlight and raise
outside temperaturés, or planted surfaces to absorb both
‘sunlight and lower outside’ temperatures.,

Light reflected from the ground represents 10 to 15 percent’

of the'total daylight transmitted by a first f160r window on
the sunlit side of a buildlng, and may account for more than
half of the total dayIlght on the non-sunlit side. The amount
of light reflected through the window is.even greater when
adjacent grouhd surfaces are light in color. The following is
a list of common ground surfaces and the percentage of inci-
dent light they reflect. (72 IES,p75)

v

. o PERCENT
=  MATERIAL REFLECTED
White paint (new) 75 percent .
o (old) =~ 55
Snow (new) B 1% /
. . (old) . 64
Concrete < .55 : . }
Marble (white) N 45 ' v
Granite -40 « -
* Brick (buff) 48 .
(dark glazed) 30 oy
Vegetatlon (average) 25 ‘ e
Macadam- e 18 . '
K , ) Ty
‘..« . -~ . A >
LY . ‘ *
N .
© @
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Ground-reflected light transmitted through windows strikes the
ceiling. .[This is beneficial for daylighting in two respects.
First, the light is projected deeper into the room than is
direct sunlight. Second, ceilings are usu4dlly light-colored
and, hence, reflect light better than darker flogrs, carpéts2

BERLOS

or furniture., , .

Ground-Reflected Syn

‘*  Figure 6. Ceiling Reflected Ground Light

The addition of ground reflected light to direct sunlight
increases the ability of a window to provide supplemental

- wintesy hedt. (The additioral light becomes additional heat.).
DarRecolored surfaces absorb more light thah light-colored
surfaces: and therefore become warmer in sunlight. A window °*

« will radiate less heat in the winter when adjacent.ground
surfaces are warm. Also, on a calm winter day, the air
temperature over dark-colored ground surfaces will be warm, _
further reducing window heat” losses. ‘Conversely, during the
summer, light-cblored surfacep are beneficial because they
absorb less light: than dark-colored surfaces and gre con-
sequently cooler. The following is a~list of compon ground
surfaces and their suplit surfacéqteﬁﬁératures when .the air
temperature is 84° F. (75,FHA,p4) . :

‘ i . .

MATERIAL . - SURFACE TEMP.  DEV. FROM AIR

Dark Asphalt ) 124 +40
"Light Asphalt (dirty)™ , o112 ‘428
-Concrete ) ' ) 108 t 424

Short grass (1-2 inches) 104 T 42040

Bare ground 100 ‘ , 16

Tall grass (36 inches) 9% N +12

-
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s adjacent to windows. ¢ e T
.° . - o " ) .‘\ ’ ',: —; "
. ADVANTAGES:. ’ - ‘ i
t 1Y o
- 1) Increased daylight pepetration‘when‘light-colored ground
" surfaces occur adjacent, to_windows. - !
. ~ °
) i), uReduced window heat loss in the winter when d%;k-colored '
: 3 ground surfaces occur adjacent to windows. g
[ ] ~
- . ~ - . '* a . ‘ Y
’ 3) Reduced heat gain -in the summer,. both day ard night when e
Planted surfaces occur adjacent to windows. Likelihood of
glare reduced also. LI ) -
-DISADVANTAGES: . T |
% ) : = . - .
1)  Increased light admitted into the building, When .absorbed, ’
: the resulting heat is a disadvantage }n.summer. .
. 2) Increased likelihood of glare with light-colored ground '
surfaces. . : ) ‘ ’
. 3) Ineffectiveness of ground surfaces to improve the performance .
T of windows several stories_ab the ground.
4) Increased reflection of SOund'tﬁrough-windéwé when hard paved ,
surfaces are used. s T
'AESTHETICS: ~ *° .~ . . K
) R //,745._f§;ick,}pobbleétoné; aspﬁ;}; paving blocks, gravel, stome
.+ .77 = . slabs, and tgxtggp&“@b cete dre a few- of many options.which -
- can be used in ® mylsdtude of patterns to'reinforce the geo- m—~_
- metry of a buildin®¥4cheme. , . . - ' o
. : . B AR
- - 4 PG ‘-_C,' . 7 ]
- f:;:f‘,~' _: . . ..
] . y _.“ ?}/[{/i"BO . ° [\ IS ,
e . g .':"' o - .

. A . R |
- . .
¢ l( ¢ ’
. - ¢
.

4) Plant cover absorbs sunlight, yet has.a lgwér surface tem-

' ‘perature than paving. Evaporative cooling occurs during the
‘transpiration life process of plants., The net heat gain from
the sun is rapidly dissipated by the enormous surfaée area of
leaves., Very littlé heat is stored -in vegetation because of .
its pinimal mass. Night air -temperatures over grass, for
example, are therefore cooler than over paving., The lower day
temperatures and lower night temperatures of planted surfaces
result in les$ window heat gain and a reduced air conditioning
burden compared to the situation of having paved surfaces -




9

8.

Lawn, ground cover, or shrubbery strategically placed to
reduce the ground- heat and glare adjacent to windows can
enhance both the view out and providé an attractive setting
for a'building. - ) ; e . -

- .
. &
t
T. Kusuda, gt the National Bureau of Standards, measured the
surface temperature of five different ground §urfaces'(bare
soil, black top, long grass, short grass; and white pdint
over black top) for two, years. He found tha& asphalt had an
average yearly temperature 8° F higher thaz/érass. The daily

1

maximum surface temperatures of the asphalt/paving reached
140° F, whereas the bare soil seldom exceeded 100° F. Even
during the_mornin% ori an averagéeé summer day, asphalt surfaces
were warmer than ambient air temperatures, while bare soil was
10° F cooler than ambient air temperaturges. Painting the
asphalt paving white reduced its su.face temperature con-—.
siderably, even.during the second ygar when the \Waint had .
faded. Temperatures of the,painted surface never exceeded
105° F. The following graph givés a breakdown of surface
temperatures of different surfaces by month. (76,Kusuda,p297)

~ . -

T T T 1 157 1
140 . Pag:h Surface Surface

e | Black Asphalt

ww==e 2 Asphalt Painted White ™
Long Grass '

Arr ¢, .

Figure 7. Monthly Ground Surface
‘Temperatures ~
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" 2) Measurements have been made comparing temperatures over Merion
. - Blue. Grass, artific1al‘tunf and asphalt paving. 'When the air
. temperature‘was 90° F, relative humidity .40 {percent, and wind ..
. 1.1 mph, the grass was 100° F, the asphalt paving 140° F, and

the artificial turf was 162* F. It was expepted that grass

) would be cooler, than aftificial turf becauselof e aﬁbrative

4 ) cooling. Whlle this was the case, thé tempe atur ference
was alsd influenced, by the light absof 1on Q ara stics of
the different surfaces. The absorption of sunligh yas.
grass, 78.4 percent; by asphalt, 87 percent, and by‘artific1ai

.turf, 92.7 percent. The grass is therefore cogler, not only
due_to evaporative coollng but also due to the\ract that ‘it
reflects almost three-times more sunlight than artificial turf
and nearly two times more sunlight than asphalt)\paving.
(71, Taylor,pZ 43) The following figure shows hdw much warmer
the air was at various heights above artificial urf.\compared
to Merion Blue Grass. -

-

> 9Feet.|.1°F 3F  3F - 3F * .o
‘ f ’
. g; ®
55Feet] 3 = 3 3 w2 3 -1 - . =
» ./‘ . ) - !
e i ' . l\ .
" 3Feet | 2 5 . 5. 3 .c2 - = 1 -
. // ' < * » »‘: w*
' ~3In.| 6 9 6 3 ‘6 6 . 5
o whilL . AW N
. Tges, 1080 1950 o0 0a3s 330 ;440 s
. - o © TimeofDay . ‘
’ - . . A%
Figure 8.  Air Temperature DifferenceSBetween
v Artificial Turf and Merion Blue Grass ’
. " - ~ N R . ;,:;
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3) W terrace su%faced in a dark material’ *facing south and east
on the inside torner of an L-shaﬁed building, is a very
. effective sun pockét. A temperature of 70° F (21.1° C) . has
been recbrded in such a corner: while out #n the wihd the
temperatute read 30° F (-1.1° G)." (50, Fitch,p97).
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\ . - Federal Energy Administration, Washington, DC, Aug/Sept. 1975.
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14 ORIENTATION TO SUN/Solar Heating, Shading

N / |
" STRATEGY : _ * . -
. - ¢ : .
.o ' Prov1de the largest window area on the side where the sun
exposure minimizes combined mechanical heatlng and cooling
4} needs. '
P ) . “
PHENOMENA :

1) Sunlight transmissién through windows will be a net benefit on
an annual basis if winter solar heat gain exceeds winter

window heat loss and summer solar heat gain.

4 ' . o

2) .What percentage of the -incident solar energy a window trans-
mits for any given day depends upon the angle at which rays of
sunlight intercept the window and how many hours the window
receives sunlight. The angle at which sunlight intercepts the
window affects the amoynt of sblar’ energy trtansmitted in two
ways: by determining the proportion of light reflected,
absorbed and transmitted;’ and by determining the projected
area of the window measured perpendicular to the rays of .

light. ,’_@ . f.

- >

The proportion of light reflected or absorbed increases
gradually from the minimum,when the angle between the light
rays and the glass is 90°‘up to approximately 45°. There-
after, the amount reflected or absorbed increases drastlcally
until no light is transmitted (See Strategy Wlndow Tilt)
The prOJected area is the area'of a window,pﬁbjected onto a
- plane perpendicular to the rays of light. The projected area
becomes smaller as the angle at whi#h the, light intercepts the
glass becomes smaller. The amount of light transmitted.is
therefdre reduced due to the decreased area exposed as shawn

below, ’
. “Actual Width . A= 8un Intercept Angle .
. ’ l Proj. Width = COS A | xActuaI Width
. . 77777

SRS \\Q\ -

1-21 . -
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Flgure 9. Pro;ected Windew Width
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How many. hours a window receives direct suhlight, as well’as
the angle of the rays of sunlight, is determined by the path
6f the sun across the sky. The path of the sun varies with
the seasons and with the latitude.
of, east and sets north of west. The winter sun rises=south of
east later in’ the mornirg, travels in a lower arc, and sets ’
south of west earlier ign the evening. The .further "north a

site 1€ the greater are the seasonal northerly and sbutherly
shifts of sunrises .and sunsets, the lower the.arc of thé sun
across the sky, and*ghe more hours the sun i bove the horizon
in summer and the fewer hours it is above the horizon in gw
winter. This phenomenon is illustrated below for latitudes %of

42° and 34°.° (50,AIA,p3S)(51,AIA,p2-16) ) .
: s W , . L
* .
\ '
1 ) -/
. “ ‘ ‘D. .
B S, - . <
. N ' N.

340N Lat. (Atlanta)

BN N

I Lat (Boston)

-

- '420

4 ! ”’
- ‘

Figure 10. Plan View of Sunrise and Sunset
i e

The summer sun rises north ,
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0 o ¢
™" "9 hrs. 50 min. Winter © Y

15 hrs. 16 min. Summer . 14hbrs. 20 min. Summer’ -
42°N - . . o, , 34°N

)

Figure 11. Daily Path of the Sun Viewed Leoking South

Yy

! jy

. Al_tjtude at NZ)on.@ 42°N Lat. Altitude at Noon @ 34°NLat. = .

: “ & (Boston) - K : (Atlanta) ,
. June 22 = 717459 , © June 22 =79.45°
' ' Dep22= 2455° Dec 22 = 32.55°
\ . " - ’ . R V P
i Figure 12. Daily Path of the Sun.Viewed LookingEast ~ "~ .,
’ ’ ’ 191-23. . : . ’ .
. . “ '~~, ’ . .
, ) , & - . .
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4)  Because of thel lower dhd more southerly path of the winter sun -

. ¢ "across the sky, a south-facing window receives sunllght at a W

#  more diggct angle and" for mOEe—hours of the day thai an east- _ \

- or west-facing window. A south—facing window receives the sun’. v
- P obliquely at sunrise, almost perpendicularly at noon and again . \
%ﬁ% i obliquely at sunset.- By-cqmparison, an east- or West-facinéh : .
” . window receives the sun obliquely and for less thaf half the - \
S number of hours the sun is-above the horizon. A north-facing
2 window receives no direct sun in the winter’ and, hence, has -

only the minimal heat galn from daylight to offset conduoted o
,o heat losses. - e )

. - . . * A
. s N

Because of the Higher and more nortlerly path of the summer
sun- across the sky, a south—faclng window gets no: direct’ sun
at sunrise or sunset, and .ift the middle of the day the sun A .
- intercepts the windows at a glancing ngle. This resylts in a
C ) much reduced progected window area with much of the light v
belng reflected. Furthermore, the high position of the summer
sun perhits modest building projections to totally shade the
window. (While permitting the lower winter sun to peretrate.)
East and west exposures receive the summer sun for more hours
—- of the day and;at a more dlrgct angle than sogth exposures. , A
Hence, east and west are more difficult to shade. The north w
exposure also receives summen ‘sun, but for only a short period
of the day and at very oblique angles. The thermal conse~"
quences of north-fgcing windows in the summer are therefor;?
minimal. The solar gains-for the different orientations afe \Q,
. 4 shown below. (76,Kusuda) ) s T

. -.._0 . R a 0‘
) ‘ \3 ‘ AVERAGE DAILY BTU/SQ FT/DAY ol S

I < ] S E or W N™ -7

» \ -
PN Lat 42° N (Bostomw) B ) .
o Jun 22° 786 1026 638 o
- Dec 22 ° 757 286 143 -~ '
. .o Lat 34° N (Atlanta) .
- L Jun 22 .681 1105 681
' Dec 22 - 1050 458 220

v . S - .

s

From these values, it can be seen that the further north a
site is, the more winter sunlight the south exposure receiv
’ in comparison to the east or west exposures. Thé further
. south a site is, the less-summer sunlight the south exposure
o receives in comparison to the east or west exposures.

ke . P
. N 45



ﬂherefore, buildings located in southern latitudes should have
window areas concentrated on the north,and south .exposuzres
(ideally with a. projecting, horizontal shading device over
$outh-fac1ng windows) to minimize the air conditioning burden.
To ebtain the greatest benefit from the syn as a winter heat
source, buildings located im northern latitudes shoyld have
_window areas concentrated on the south (with minimal window
areas to the north). _. :
v
The arrangement of- rosms relative to their windoy grientation
will determine their natural daily temperature cycle. By
'matching the t1mes rooms are likely to 'be occupied with the
hours they receive sunlight, solar heating can be better
‘ utill.zed and dépendence on mechanical heating réduced.
‘ADVANZAGES.
. [N . \ ¢
1) Increased winter solar heat gain. Properly sized‘gﬁd oriented «
windows can gain more heat from .the sun than they lose by con-
duction.” (75, Berman) This can/translate into reduced. heating
costs., . .o
Decreased summer solar heat gain. Properly oriented ahd
shaded "windows can re€sult in a savings in initial cost’ and -
subsequent operation of one ton 6f air conditioning per
-- 100 square feet of glass compared to poorly oriented unshaded
windows.” ('66;Callender,p.749)

&

DISADVANTAGES ¢
\

‘l) Fading fabrics due -to:..exposure to sunlight: .
2) Winter overheating possible with large south-facing windows
for small rooms within light—weight construction buildings.
L
.3) Reflected" sunlight from light-colored ground surfaces or
‘adjacent buildings may reduce effectiveness of glass orienta-
. ttion relative to direct 'sunlight’.

r it -
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_AESTHETICS: |
. . = . —

» N
. N
. 2

v ,Propefly oriented windows Will mesult in rooms having a shaded
character in summer and a sunny, bright(qharacter in winter.

~ . LU

N _ The orientation of a window will determine the path of the
patch of direct sunlight projected onto the floor and/or
walls. The'patch S%PEﬁ;igth may be attractive if it spot-
lights_a geranium,’ or bothersome if it results in glgre on a

work surface. . ; .

.

. 3

- \ The orientation of a window will determiné whether the outward
- ’ view is shaded or sunlit. A window oriented to admit the “sun
(e.g., south-facing) provides a view of the shaded side of
outside pbjects. A window on the shéd%gﬁgide of a building
(e.g., north-facing) .provides ‘a view of the sunlit side of |
outside objects. East ow west-facing windows offer the advan-
tage of a view with the light source changing direction
between morning and afternoon. A

- EE . ¢

- a

COSTS: . - o

>

Proper oriegfation of windows does not presume increasing the :
total window area. The issue is the digtribution of the
window area. Therefore, proper orientation need not result in

.additional construction costs.. . . ‘

Proper orientation of windows may even reduce construction

costs, by @in}mizing the amount of expensive shading required
by adverse orientation, and reducing the réquired capacity of
the heating and. cooling mechanicédl. systems. ’

i

o = ) ‘ i i ’~‘

. ot
~

N ) 1) The following is a stu&y of the effect of window’brieﬁtétiogﬂ
‘ on heating costs. The-window areas for a conventional house
® in Boston are revised as follows: ’ .

- ﬁ ’ a o
- . " WINDOW AREA IN FT?

- .

- S ¥ - E W TOTAL
CONVENTION 100 100 50 <50 300
REVISED - 180 20 50 . 50 300




.Occupancy was considered to bé a family of four, lighting »nd

-appllance heat gains were considered at about 20 kWh periday, (-8
and room temiperature was to be maintained at 70° F (21° C). T
Solar data were taken from ASHRAE and outside temperature|data *
from the U. S. Weather Bureau. U-yalues for, the buildinp -
envelope were FHA minimum: Roof 0.053, wakls 0.085, doors . -
0.65, floors 0.084, windows 0.65. “Air infiltration was . N
assumed at 1 change pet hour. ‘ : .

< L ]

The conventional house was calculated ro require,92 million
Btu per year from th® heating system. By merely shifting 80
_square feet of windows from the ndrth to the south sides-of
. the house, the heafing requirement was reduced to 83 million
Btu for a-net savings~of g million Btu. (76,Bliss,p34) T
o+ t
The cooling loads resulting, from different w1nd?w orientations
have been studied with scale models at the Building Research
Station at Halfa, Israel. 1In one experiment, four identical .
models were construct&d. The walls consisted of light-wejght =
concrete-+30 mm (5.9 in) thick. One side contained a_¢losed
%indow.” The moklels were qriented so that the w1ndows faced
each of. the four cardinal directions. Before sunrise, the
inside atr temperatures were all approiimately equivalenta

Four hours. after sunrise, the inside air temperature of the )
east-facing model had risen 8° C (14.4° F) above the outside -

L3N .

air temperature. ) -,

< \ ° ’ . ) e )
The model with the west-facing window had the laygest inside-
to-outside temperature Aifference. The différer{ee reached s
11° ¢ (19.8° F) in the afternoon. .

3

* s . ;‘ A
The models wiggh south- aridorth- facing windows showed the
smallest inside/outside temperature d1fferences .r nging from
3° to 5° C (5.4° to 9° F). 669 Givoni,p2Q1) *

Measured data documentjng the effect of orientation on inside
temperatures of actual buildings were collected in a study by
the city of Davis, California, in 1974 The energy require-
ments of a newgy constructed but not yet occupied apart nt
complex .were recorded. The apartments were two- and\t ee-
story buildings~built to conventional standdtds and or ed”
north, sotth, east, and west. = j* ~
., A —

. The study found that top floor apartments facingeeasfidr west
were 'the hottest, reaching a daximum of 997 F.(37,2° C). The. "o~
same apartment model facing north or south’ reached a maximum Q\.‘
temperature of 85° F (29.4°°6). (76 Cole noé pages) -

LS
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4)‘$%Ihe following graph by Vfctor Olgyay diiferentiates total
=~ s0lgr gain during the cooling season W(ovérheated period) T
" from total solar gain during the heatipg season (underheated’
i period) in New York City. (73, 01gyay,p58) -, v

Total Yeaﬂy Direct Sunlight )

yr
-k
o0
o
| -

BTU in }ﬁbusands/
o
o
l o

Total'Direct Sunliaht During
Underheated Period

N

——h

L -,

- € -

——h

o &
o O
L1

Total Dlrect Sunhght Dunng . T
Overheated Penod

‘ I l ) L3
£ ° N W S ~ E N _ . .

Figure 13. Q{ngntatlon VS. Yearly Solar Radlatlon in New York

-~ L RN
‘ v . -
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The most favorable orientation oceurs where the positive
difference- (the solar gain during the cooling season subtracted
from solar ‘gains during the heating season) is greatest. For
. New York City this is 17 l/Z degrges %FSt of south. i ,

'5) A study by Samuel M. Berman of Stanford Univeréity pvovié;s .

-

. data quantifying the yearly effect of .solar energy 4m th e
energy balance of a window. Calculations were made for several -
cities and considered a variety of window glazing and’ shading
options. The example shown below assumes the window includes
a storm sash or'is double glazed, and that,,during the summer, .
a standard white window shade or venetian blind is lowergd
when the window is in sgnlight. No extérnal shading of the
window is assumed. The calculations show the amount.of *%gf?? .
indoor cl te control energy expenditure due to the window in
KBtu ‘per squdre foot of window for the season. A positive .
value represents a net energy gain, a minus value represents
a net energy- expendituré. (75,Berman,p65) N : - .

“r o N SOUTH EASTa WEST NORTH . ,
,;L////‘ : - -Winter Summer Jinter [Summer Winter Summer

‘. DALLAS-FT. WORTH +107 -41
NEW YORK CITY ™ ~“+71 18~

. -
P -
S

{48 -61 49 =34 .
+14 24 =25 s .
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The above values.show that the solar benefit in the winter |
more than offsets the solar detriment in the‘summer for

south~facing windows in regions with hot shmmers such as
Dallas, or cold winters like New York, > Al'so' noteworthy is

Cal ") the fact that east and west-facing exposures néarly break
even. Finally, it must be realized that the net gain or
van, ) loss of a window may be advantageous or detrimental, :depending
. on the configuration of the mechanical heating and cooling
. systems. , ‘ N
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15 ORIENTATION TO WIND/Ventilation, Air Tightness - " 2
. ' h a N !- - .
F
STRATEGY: . ) ‘ . SN S
. ‘ a R ~
Prov1ae cross-ventilation' with w1ndows put of'allgnment e

‘ -
.
’

with the dlrectlon of-the wind to improve overa$# ventilation.

' . X .
2 . - o .
. B . (N .
% - s ~ ]

PHENOMERA: S S, R .

The
D

-5

1

< N I
When window placement on opposrte sides of an interiot space
- is possible, the bulldlng should be oriented sllghtly askew to
. the direttion of™ -the wind. When window placement on opposite
sides of a space is not‘p0551ble ‘but placement on ddjacent- | G
sides is possible, the building should face diréctly. intosthe
wind. The reason for this is illustrated %in the following , -~

plan view of window locations:
: /

Windows on Opposite Sides . * -

Good Overall Circulation

» L4

-
. v

" Windows on Adjacent Sides

ry
‘e

///l/////’/ﬂ

»  Good Overall Circulation ‘ {EocahCiréulation. . %
) Figure 14. Window Location vs. Air Circulation ' .
. R (4 [} ¢ N .\-’
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Aruitoxt provided by Eic:

[

AJ .

. 3) Where the building interior is, subdivideds into a series of
interconnected spaces, placement of interior partitions can .
provide the disruption of the otherwise straight path of air
flow between upwind and downwind windows. ,

ADVANTAGES: - - . o
Lv ‘ ' ) . -
1) Increased volume of ‘room ventilation when windows properly
located. L. o
L0 2) Decreased annoyance. from local high Qelgcity drafts. . )
1} . 2 B .
3) Reduced demand for air cohditioﬁiﬁg and mechanical ventil¥tiom
l‘ ' y”
DISADVANTAGES: !
4 b ) > \ )
1) Effectiveness unreliable if wind directig le
and subject to wide'variation. .
N h
2) Diminished effectiveness if the wind if vd k. Aif cir-
) culation within a space will be so.dis! red as to be beyond
.5 i perception. R
3 f%« i : N . .
F 3) Potential conflict between orientation relative to the Wiﬁd,
) orientation to the sun, and Qrientatidn to the view.
‘ ’ ' .
4) Untenable where extreme air or noise pollution prevails.

2)

- high velocity stream. Very little ventilation will occur

Y

.

.

.From this figure, it can be seen that if the wind encounters
an inlet ‘and outlet in alignment with its outside direction it
will pass through the intervening-space in a narrowly deflned

. beyond that narrowly defined stream. However,'if the wind 4s
forced to change direction in transit between inlet and outlet,
a’ turbulence within the room will develop. A'circular current’
will ‘encompass the sides and corners of ‘the room. The, maximum
air speed is teduced compared to windows in direct alignment

with the w1nd but the average velocity of air movement within
‘the entire space will be greater. Overall. ventllafion is
subsequently superior. .

- . .
.

e
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" AESTHETICS:

1 . o "
- L] ¢ ' t . . ’
v 1) Opéngd window may provide pleasant sounds, and smells to-enter
a room, providing variation to the quality of the interior.
2) Aistrateglcally directed breeze through a window miay be more
. psychologically effective than an eqpal rate of air changq&
Kl * per*hour" ducted through a reglster. .
7 3) Open windows geperally require insect screens, which affect
the exterior character of the fenestration.
. b1 ) Cs .
COSTS : : ‘

{

The cost of i

locating windows on opposite or adjacent sides of

an interior spage is not likely to be higher than locating the
.~ 'same number of windows on, only one side of the space.

+ EXAMPLES: ~ . ‘
- - L . . ’ .r’ e ~ R . ﬁ
The following table illustrdtes the calculated effect of
. window locatlon relative to the wind upon the .average inside
air velothLes, given as a percent of the out91de wind o
veldcity: (69 Givoni, p261)
- ‘ L v .
' Wind Perpendicular' Wind at an Angle
Windows on - -~ : ! !
- " opposite sides © 357 42% v
. Windows qn - ) .
adjacent sides 45% 37% s ‘
° . ¢ e ( '
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The enefgy performance of a w1ndow can be greatly improved

- .9, EXTERIOR APPENDAGES : *

{

< . 2 * o . .
e ) ,with external appendages YEish are part- of the window system

- N . , .

T Oor part of the wall or roof syst%m: For éxample, shading -

can beqeffectively accomplished~by louvered sun screens,
B ‘ %: . "

/ -blinds, ‘awnings, brise soleils, or roof. overhangs.

. R > t .
Such devices often provide secondary energy benefits in

addition to their primary function. . For example, sun screens,
‘ * ’ ’ ’
< ip addition to providing shade in the summer, preserve the

e o ' .

air film at the exterior surface of the glass, thus reducing

* z

- winter hea# .losses. External roll blinds, by providing a o

- LY
v A ]
" trapped air space, perform similarly to storm windows in .
) reducing heat loss in the wiﬁter, as wellgas affording sun
. i o~
. protection in ‘the summer. ’ ) -

&

@ . o - - ,
e .
S o, -
* N ) ’ . s . . -
.. The general advantage of using exterior sppendages tio improve
v Y . N . o e
o

Y . . . . 4
U win%pw performance is that they mitigate climatic problems

" before they enter the building. Also, although to a lesser
g N "

» K

ektent than site st;ategiés, external appendages allow some

-t

of the residual forces, such as summer solar heat or winter .

- . » .

winds, to be dissipatea before encountering the window. =+ -
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STRATEGY: : e
- \ . ¥ 4

‘ ' X : ‘ .

Install a screen of mlnl—louvers outside a win w to shade
S “direct sunllght, yet prov1de a view out fromtinyide the -J i
' building, -t .

- +

-
Ay .,

'PHENOMENA: _ .

-

1) fﬁe effectiveness of a.solar screen lﬁ{shading a window depends
oﬁ its geometry and its reflectivity as a material. The .
geometry determines how high the sun must be above the horizon-
before the louvers block all the direct sunlight. The reflgc—ﬁ'
tivity of the louvers determine how much light penetrates .
indirectly by being reflected off the surface of the louvers.

If the slats have a reflective surface, part of the light
striking -the top of one slat will be reflected directly -
through the window and part will be directed to the underside
of the slat above, and"ihen directed through the window. * |
Thus, highly absorptlve surfaces improve the effectiveness of
sunscreens. The follow1ng is an example ‘of the\geometry and
effectiveness of a sun screen reported by one manufacturer.
(76,Koolshade,pb)

WM . , x

Amount - ' A i l-r

of Direct - ° .
Profile 1 , Sunlight T -17 Louygrs per inch
Angle - Blocked S ad'"g ~ - (magnified view)
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. ~.L) The potential heat burden of sunlight penetrating a sunscreen
I b early in the morning or late in the afternoon is small, '
vyt . because the sun's intenéﬂty s diminished at these times.
o . This is due to the intreased distance through the atmosphere”
e ' which the light must travel. *(68,Pennington,p88) This is

) illustrated below. .- .

\ " ) \G’ _+ Atmosphere *
. - T

Earth

Y] , Sunset .

- I
Figure 16. Distance Thréugh“Atmosphere vs. Sun Anglé o

~-t

. -
4 . . . -~
. .

.3) Af~external sun screen installed_close to a window creates a

at the surface of tpe glass. “This benefit results in 7fa reduc-
- tion in the winter U-value of a single glazed window with a
17 sun'screén from 1. 13 to 0.85 (74 ASHRAE, p407)j (See STRATEGY:

. . AE?dbreak qu discu§Sion of air films at the s ce of glass )
* v D "011 *’ ¢ \ 2

, ) extei‘nal -sun screen blogks a win 's Qexposure to the .
L "', wister night sk¥f’yhich tends- to be§> older than ground

: sunfaces. ‘ .
- . ‘ f ]

/ | )
, - -t x ¢ i { . §
- ADVANTAGES : A I C e ,
i . 23 ¢ ‘ / * h
) . ' . A . L .o
. "@ﬁ_
et 1) Reduced summer solar heat gain whrch reduces average interiof
- - temperatures as well as reducing local oVerheating on the

sunlit side of the building ,

.

. . ‘V .
’ 2) View a/ﬂ concurrent shading. Visibility, Iooking out through
/ - . a sun screen, can be as high as 86 percent as through an
unprofécted window. (75, Koolshade, p16) The visibility is
greatest yhen the Sighq 1ine is,paralLel to the angle.

- layer of virtually still air, thus preserving the layer of,air_
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3),
4)

6)

7)

8)

9)

(\ . . X -, . .
Daytime privacy withoUt eliminating ‘the view out,., X

Unobstructed night-time surveillance ‘of buildinéhinterior
through windows with sun screens.

Reduced direct and reflected glare. " Sun screens block light -
reflected from the ground or adjacent buildings more ‘effec~
tively than awnings, roof 6verhangs, or wall fins." /

Reduced heat loss,in winter due to protection of air film at
the surface of the window, and due to reduced heat radiation -
to the cold night sky. . -

Protection of ®lass from projectiles thrown by vandals.
(Replacement of the—sun screen may cost more than replacement
of . thé‘"iuss but likelihood of injury from breakage is
greatly reduced.)

.

" Prevention of insect intrusion. Conventional linsect screening

is commonly a mesh of 16 x 18 per inch. One type f sun
screen is e'quivalent to a mesh of 23 x 2 per inch and, hence,
is likely to be suitable for insect screening. )

) 1 \
May provide solar heating in the future. An experimental unit .~
is under development which ipcorporates a sun screen 1n an air
space between two layers of glass. In LLhe summer the air
space is vented outdoors at the top and bottom, and in the
winter it is vented indoors to take advantage of the solar
heat build-ups. V

-

Wb

" DISADVANTAGES: ; . S
. ~ i -

1) Reduced solar benefit in the winter when sun screens are left
in placen

2) No night-time privaey In the night, the direction Of trans-
parency reverses - the screen appears opaque to occupants
while allowing passersby an uninhibited view in. For resi- . °

; dences, his negggﬁitates the installation of drapes or bliuds
for pri
;ﬁg) Interference with outswing windows. .
4) Interferenoe with window washing. T« )
s 5) Impeded-;efress in the even't of-fire.

-

-




AESTHETICS: -

i —

- 1) _Louvered sun screens make windows appear blackened on thaw

_facade. This idcreases?their -visual impact as a design
element. " ¢/
2) diﬂ‘Louvered sun screens somewhat darken the view out of a window ~
3) Louvered ‘sun screens strlate the view. The direction of the
Vvisual striation depends on whether the horizontal elements or
the vertical elements are thicker for a given viewing angle..

COSTS: . -

Prices of louvered.fun screens constructed of aluminum hori-
zontal slats held with twisted bronze wire and finished with a
black heat absorbing coating~are approximately: -

v

»

-~ $6.00 per square foot for large windows.
$6.50 for smaller windows (less than 4 foot x 5 foot),
$5.00 delivered price to "do it yourself homeowners™

, , .

°

L] -
The price of an expanded ‘metal sun screen made from a sstamped

A +  single sheet is lower, -at the expense of reduced transparency.

. The price ranges from $3 to $3.50 per square foot.

. ‘

ot

" EXAMPLES: N ‘ .

. -

1 The Department of Public Works for Buck County, PA, installed

— louvered sun screens on its administration building at a cost
of $36,000. Annual savings in operating costs were estimated
to be 35% or $16,283." Thus, the costs of the sun screens were
amortized' in just over two years. (76 ,ACHR,p~.29) '

- 2) /?%ollowing the references are photographs of sun screen
installatiopns illustrate the daytime outside appearance,
the effect on viey out from the irdside, and the night-time
dutside ‘appearance of a sun shade. (76,Koolshade) .




~w’\() ] R ]
L - 7
: d . 4 ¢ . . .
i . P, » - .
‘ REFERENCES: | ( -
' " A
. ACHR News, §creen1ng Wlndows from Sun Helps Cut Cooling Costs Y. -
35 Pertent; Heating Costs 28 Percent, Air CondltiOning,,
Heating, and Refrigeration News, Birmingham, MI, Oct. 29, ~
= , 1976; Oct.! 29, 1973. .
m, ‘ N
) ASHRAE, ASHRAE Handbook of Fundarﬁzant:-wa.l\_2 ASHRAE, Inc., New
- & York, NY, ,1974. @ -~
) Halleck, Edward, personal .communications. Co;;zzapﬁiOn .
Specialties, Cranford, NJ, Jan. 5, 1976. p .
- . ‘ b !
) Kaiser, Louvered Aluminum for Solar Controll, Kaiger Alumlnum,
Oakland; CA, 1956. }
Koolshade, Shadesg Save Power, Koolshade Corp., Solana Beach, . )
CA 1976. . 1 . i
i . Pennington, C. W., How Louvered Sun Screens Cut Cooling, -
’ Heating Loads, Heatlng, Piping, and Air Conditioning, Reinhold-
. Publlshlng Co., Stamford, CT, Dec.. 1968. - )
\ ¢ - . t
1 . -
- bl
n\\ 4’
5 - * * ‘
b r * ° } .
< 5 s , .
» : V_w‘ . . '
L . . )
v . A -
Edd fi‘ ’ . _ . /
.“ ’ B ’ B ’ ) ‘
bl - - - N . - -%3 ’ ) W‘e
. ~ 4




Kool Shade Cdrp.,4722 Geneviewe St., ‘Solana Beach,

24

ERIC - .- 54

WA rivex provided vy Enic

A ] * ,

At " -
R ‘ & ‘
[ 0
.
‘ - . r L]
. . . - R
. ¥ . . a
e’ v
il
ki
T
ook S
! N o
I
. ) .
. 1
FIR | [
* ot den]
o -
-
. ;)‘»; A2 S A
: B 2 T ks el
Ay oy oy
1 L o e s TN - ~
$oe o e
.
L]
’
» - -
\a-:z._ .
ki
| \
T3
1

.




Aruitoxt provided by Eic:

E\.




.4 - . ) ‘,
T . \ Slats <¢73 Operating Strap

22 EXTTIQR ROLL BLINDS/Shading, Insulation -

-,

STRATEGY: . ' - ~ .
el Installééiterior roll blinds to provide sun shading in the
\ . summer and to reduge winter heat flow. '

\ . - i ~

PHENOMENA:  / ' ‘ .

. -

JJ“’ Hor&zontal slats on z roller .at the‘head of a window can be
lowered to provide an opaque barrier to 'the“summer sun,
blocKing both direct and diffuse sunlight.. One manufacturer
reports.up to a 35-percéﬂt reduction in afr conditioning costs
with the use of roll*blinds. (76,Frowein,pl) . The following
figure illustrates:s the installation of an exterior roll blind.

- Housing Box
2

.

Side Rail |k “

. : . BoR‘om Slat = : ) ¥

l—-— Strap Recaoil

Ny

© 7 Figure 17. Installation of'an External -
. . M 'ROII Blind )

Riel

4
’ r_/_’
e *

2)  When tﬁ% slats are in the lowereé position but-not yet resting
one on top of the next, horizontal slots bef@een the slats N
/ perpiit air to circulate through the blind. ' i

v - *

- 3) ¥f the roll blind tracks are hingéd, the entire lowered roll,

— ’ blind can be projected out from the window during the day to

« provide natural ventilation concurrent with shading.

o~




A, - .

@ - -
. ’
.

4) Light colored roll blinds more effectively keep rooms cooler,
because the blind reflects incident sunlight and remins copler
s . _than would be the case with a dark-colored blind,
5) During the winter, when-the Eﬁ@nd is lowered and  the slats
= : rest one on top oftanother, the resulting layer of air trapped
between- the blind 4nd the windqw acts as insulation. Exterier
roll blinds provide the most effective insulating air space of

v all the exterior strategies reported, because of the tight
z N joints between the slats and the seal provided at, the top and
\ sides. -One manufacturer reports the following U-values for
roll blinds in combination with various types of windows.
‘ ; 7 <. (76 Pease, p2) a . - . . ) »
. . % GLASS TYPE  SEASON  GLASS . CLAss + GLASS + |
. . ALONE . 1/2 x 2" 1/8 x 1 3/8"
: , * -ROLL BLIND ROLL BLIND °
- : - SLATS SLATS ,
\ L s .
SINGLE . WINTER 1.13 °  0.405 0.568
‘. SUMMER 1.06 0.395 . 0.550
H .. \ .~ ."
L : DOUBLE ~ WINTER 0.58 0.301 0.384 -
(1/2" AIR SPACE) SUMMER 0.56 0.297 0.376
L SINGLE + _  WINTER  0.56 0.297 " 0.376
STORM SASH  SUMMER  0.54 0.290 0.366 ‘
. ~ < 4 <

N - R

5)., Since the coldest hours of the day occur during the hours of |,

o darkngss, using a roll shade during the night prov1des increased

- insulation during the period of greatest potentilal heat loss.

In New York City, for example, 70 percent of the degree-days
occur, during hours of darkness. (76, Clarldge p.57) Further- .
more, a 1owered roll blind obstructs a window's exposure,to‘

X  .the ceold nlght sky, further reducing heat loss. -

’

’ B} - 1S

. ADVANTAGES: : _ - -
L2 ".".-’.':/ I R R ~ .. LT -

ER S A S

- - - v - P

1) Shadlng durlng.$ummer days with the roll blind lowered and
unlmpeded vefitilationeat night with the roll blind rolled up v

. 4
. A into the head of the window. ° ) * . , v
2) Insulation from winter heat losses ‘with the roll blind lowered
) . at night, and unlmpeded solar gain through the window withs the
PO roll blind ralsed durlng the day. - .o . L.

- IS
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and ability to partlally shade a w1ndow in the case of the sun
striking only part of the window, or whfre it is desirable to
- shade only a portion~of a room. ’
&) Protectlon of glass from vandalism and wind storms when shade
< ) lowered. . ) -
: %
) 5) Deterrence to burglars enterlng through wxndows when shade
' lowered. . = .
8) Impediment to spread of flames out a window and up the side of
. the building.. (Metal Roll Shades).
. 7)  Reduction in hoise transmission with blinds Towered. One
oo manufacturer reports a noise reduction from 100 DBA to 60 DBA
or a STC value of 40. (Mar.76,Frowein,p.1) .
DISADVANTAGES : . 3 : .
‘ '1)  Slats cannot be tilted vemetian blind fashion to provide shaae'
. - and view; »
2) Delayéd egress in the event of a fire. . L
: ! .
3) Walntenance required for operating hardware, and for slats if
: : wooden. - N
. * 4) _ Limited to maximum singlé span of 12 feet for.vertical windows
(1ess for sloped windows), and- 2 maximum ‘height of approxi-
mately 10 feet. Large size exterior roll shades should be
motor operated. .
_AESTHETICS: . Co )
’ ¢ ‘ ’ ‘ . \ - ’/
v hoa -
Y 1) In*the rais=d mode, the slats are rolled into a concealed -
h °pocket in the head of the window. -
S 2) In the lowered mode, a roll blind has the appearance of an*.
- °  opaque panel with-horizofital grroves on "the facade. They are
» available in colors; in wood. vinyl, or alumlnum, and in
EEERE different slat sizes. ¥
~ 'P’ . ‘ .
« % -
. 211 |

(3)

a

€
. Independent control of the shading of each 1nd1v1dual w1ndow,




3

COSTS:

S

1)

2)

EXAMPLES: -

~

\ v

b
In the lowered position where the slats do not yet come in

contact with each other, the effect from the interion is a
series of horizontal slits of light.  When the blind is locked
down, it appears as a solid opaque panel blocking almost all N
daylight. In'this lowered mode, if the frame assembly‘is
hinged, it can be cranked out like an awning. Ground—reflected
light will illumihate the ceiling‘of the room/" If the window
is above the second floor, the activity om the street or)
grounds below can be wiewed through the resulting opening,.
S

P N

\\

-
.

The cost.of a roll blind per- square ‘foot decreases with larg x
units, becausge mu f the cost of manufacturing the unit is
i the roller assemdily. The follow1ﬁ"\prices are-for a unit
q}thout installation: (76,Sinnock) L. :

APPLICATION WIDTH HEIGHT S/FT° . TOTAL §
WINDOW " 30-0" x 3"-6" _ 10.12 106.26 2
SL. GL. DOOR 6'-0" x 7'-0" 7.20 302.40 i

SL. GL. DOOR 11"-6" x 7'-0" 6.00 483.00 )

-

L R -

’ .
.o -

Roll blinds have been usdd extensively in Europe for several 4
decades. Today they are used on approximately 257 of all
European residential bu1ld1ngs and commercial high—rise )
buildlngs.

"In the United étates, designers have .only in the last three or

-

fouxr years begun to use roll blinds.,

¢ .

Following the references are two photographs illustrating a
rold blind viewed from tﬂE inside and viewed from the outside,
(76 FroweinJ .

Because of their eﬁfectiveneés in reducing ‘winter heat.loss

, “and summer heat gain, roll blind devices have been included in

two recent demonstration eriergy conserving houses: the Zero
Fnergy House built: by ‘the Technical University of Denmark, and
the NASA Technology Utilization House in Hampton, Virginia.

p-12 ™
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23_ ARCHITECTURAL PROJECTIONS,/Shading :

e ) > ' *
STRATEGY:

-
-~

De51gn archltectural prOJeCthnS to shade windows from summer

sun. '
!

\ PHENOMENA: C '
N . ’ - )

1) Horizontal or vertical plane(s)’ projecting out in front
: of or above a window can be designed fo intercept the
. . summer sun, admit'much if not all the winter sun, and
allow a view out. If the Plane projects far enough from
o the building a single prOJectlon may be sufficient as in
. the cdse of generous roof overhangs or windows recessed
deeply between vertical fins. Alternatively, more modest
Projections can be equally effective in shading but they
p must be more closely spaced. N

- } B
2}‘ East and west-facing windows are more effectively sya&ed
by vertical projecting planes, south-facing windows are
more’ effectively shaded by horizontal projecting plédnes.

. 3) For shading effectiveness the color of the projection
should be dark to reducegﬁhe light reflected off the -
. prOJectlon and through thé window. The light absorbed by
5 this dark color is convertéd to heat and then dissipated
to’the outside air without becoming an air conditioning ’
load. A separating gap between the :shading device and
the window is important to provide free circulation of
the air. to insure this heat dlSSlpatlon T -f
" 4). TFor dayllghtlgg effectiveness the underside of a horizontal
° projection should be light colored to reflect indirect
v ground reflected light into the room. ¢ .
5) The further southta building "is located, the more important
shading east and west-facing windows becoémes and the less
- ‘ important shading south-facing wlndows becomes. This is
* ddeyto the high position of the summer sun 4n southern
latitude with the resulting decrease in direct sunlight..
transmit ted by the south-facing w1ndows. ~(See Strategy,

~r0r1entat10n to Sun) -
L3




ADVANTAGES:

1) Reduced summer solar heat gain. “If air can circulate
between the shading device and the window, and’the window
is completely shaded from direct sunlight the solar heat”’
gain of the window can®be reduced by as much as 80 percent.
('67,ASHRAE,p.485) - L -

Reduced glare on work surfaces” adjacent to windows.

Reduced winter heat loss to the sky. Lo
Possible shelter from winter winds with corresponding .
reduction ’in heat conduction losses at the surface of the
glass and reduction in infiltratiom. .
Simplified window washing where wide horizontal projections
can secondarily serve as a, working platform. -

o

Dr' SADVANTAGES:

Possible impediment to window qashing_ih the case of
narrow closely spaced shading planes.

Possible impedlment to fire egress in the case of narrow
closely Spaced shading planes.

Obstruction of vieg%

. ! X
' Increased maintenance. Horizontal planes will collect
dirt, bird droppings, and ice.

© AESTHETICS:

¥
r

:l) , A 'single overhead- proJectioncwith a‘llght colored under-
side will cut off the blue light from the sky put admit
the red or green light of ground reflected light

‘f"““*‘*ﬁ) .&r‘-;‘ s vﬁ.v‘

»kei C e
< 2) > Vertical projections from either side :of the windo P
N - 2 sNATTOW the peripheral viewifrom the.w&pdow.. .

k3

?

65;’6 % 1] L4 < 5 b PN %

35 ‘Deeply recessed windows afﬁbrd a frap "d view;g@* e-;
outside with sight lines quickly cut off wheh thé viéwer

moves awayﬂfrom the center” of the&wfndow.
. P!

-

. -
¢
. -
A
?
<
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.

e

.
4) Closely spaced horlzontal or vertieal planes may begin to .
dominate the viey “out of a window and in any case change )
the secale of the window. The proportion of the space

divided by the shading planes becomes as -important as the -
overall window propeortion i determining the aesthetic ~

* effect of the fenestration. .

5) Horizontal prdjections can provide a sense ;%ésecurity

in the instance of floor to ceiling windows in tall .
buildings. ~
COSTS: o " e \
. . . - »
) . .
Generally, custom design and therefore not subjéct to cost
generalizations.
EXAMPLES: )

- - -

1) , The ASHRAE Handbook of Fundamentals (73,R§HRAE,pZO9) contains
* a table which gives the distance a horizontal projection -
must extend out from.the wall to shade an 'area up to 10 feet
. below the prOJectlon From April through Séptember. PrOJectlons
are given for eight orientations and for latitudes from 24 to
56°N in 8 degree increments. * The projections are calculated
for each hour.

»
2) The following photographs illustrate: -

L a) Closely spaced horizontal shading prbjections. Y

b) Deeply recessed. windows providing vertical. and horizontal
shading prOJections. L ‘ -

c) Closely spaced vertical shading -projections. -

- ’ i had ! " ‘-
REFERENCES: ’

-'

ASHRAE ASHRAE Handbook of Fun&amentals, Amerlcan Society of Heating,
Reﬁrigeratlon and Air Condltlonlng Englneers, Inc., New York,—

1967 and 1915. . e e
R IR |

Olgyay, Victor and Aladar, Solar Control and Shading Devices,
.Princeton Univ. Press, Prlncepoq, N. J., 1937.
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STRATEGY:

. o

Install Iouvered, operdhie shutters outside axhindow to
provide shade in the summer during the day and reduce heat
"loss and infiltration in the winter dur1ng the night. /

Qo

4 >

PHENOMENA:

(R g .
.

1) An exterior shading dewvice effectlvely blocKing akl
direct sunlight can reduce solar heat gain through a °
window up to 80 percent. . (undated,NBS,p2) The shading
performance of closed exterior shutters depends upon how
well the heat absprbed by the shade itself is dissipated

o0 the outside air. Operable{iouvers adjusted to block
the sun but let air circulate improve the shutter's
ability to keep cut heat. Similarly,-light colored
shutters which reflect much of the sunlight rather than
absorb it are more° effective. (Actual shading coeffi-
cients quantlfylng performance could not be. located.)

Heat loss through a wfndow with clbsed shutgers is reduced
because the air, space -between the shutter and the glass
providesvaddltlon 1 resistange to the' flow of *heat to the
outside: How effective. the shutter-is in reducing heat
loss depends upon the air tightness of the -space- between
the shuttér and the glass. A shutterswith pivoting
louvers which can be closed is beneficial te this end,.
~However, eveh louvers fixed in an open configuratiom—
reduce heaf loss through the window by substantially -
sheltering Yhe insulating film of air at the outer surface
of the glasé from the scouring action of the wind, and by

reducing infilt;ation through window cracks;
. &}

N
ADVANTAGES: ‘ Lo S

-3
. = R -
< , -

°
o

- w A e I L.
! 1) ° Reduced sclar heat gain in’ the summer. éQ
S Y’ l -
2) Management by ‘the occupant on an "frigividual basis to
. permit control of shading, light level within the  room,
and view out N




- ’ 3) "Prggphﬁgon from rain penetratiom through windows opened
i forf?%gtilation._

“4)  Reduced night heat loss in the winfer.® .
.’ } . \_40
5) Protection of windows Yrom storm damage Vandalism, or' .

. . . intrusion,. ' '

63 ‘Privacy. .

DISADVANTAGES: . !

-

1) Operation requires reaching outside the window which

, / - necessitates insect scréen or storm sash being mourited
J\ inside the window and being penable. J ;
% . .-
. ' Y2) Subject to wind damage if pot secured pr0perly. /

AESTHETICS: ¢ -

N . ‘ A
- Shutters are considered by many residential designers and
apparently the homev buying public, mandatory' dressing of ~
- windows. Regretfully, the fact that ghutters can serve
A valuable energy conserving functions as well as cosmetic
functions has been forgotten. . If their potential benefit is”

v again realized, perhaps operable shutters will again be an ~
' — option to more home buyers :in the future,

- - .

- . LN

: COSTS: (3 7 .

‘ . 7 ; K
. Prim&(r wooden shutt'ers, with fixed open louvers are commonly
' avdilable at lumber, yards. A sample of prices in Washington,
o D. C. is given below. . Nardware to make exterior shutters
operable is not commonly vailable as such but can be devised
simply from gate hinges. . v

~

. - 15 x 39 inches ——--—~—-———-—-2$12.00 per pair .-

2

- e = x 47 = cemmefee——$15.00

-’

Boow )
L ‘ ~ %51 ———-$19.00




- 2’ M
J v

[ 4
Wooden shutters with adJustable-tllt slats/could not be found .
o to obtain sample costs., The common interior shutter for i

fiiterior use is not heavy enough construction to be recom-
- mended . for exterior use. ’ ’

> “ -

Prefinished aluminum shutters with fixed open slats are also
available. The following are ample of tetail prices -in the
Ml%mi area, . '(See EXAMPLES for descqiptiongof the types-
given belowx) '

N . é‘
v g : : < stk o Cb ¢
) L e ‘ ~ Bahama 4.25 per sq. ft. i i -
- ' . . ' - \ - ' . \9 g, .
‘ " ‘ - Sarasqta $4:50 « - 4 " .
. ) ) . - ’ ) .
Pi . .
~ o : - .Rolling $%.00 . . —
. - Side~hinged $6.00

Vinyl shutters are fréquen\}y used to dressﬁwindows. These
are not appropriate for use as operable shutters if they are
molded to be seen only from one side or are molded with -

continuous simulated louvers with no, open space betweén the
slats,

‘EXAMPLES: ' T L

o v
.

] '
~ . -

. e 1) ‘Several types of operable shutters are, common in the
‘ southern regions of the U. S. The following are examples
of various modes of operation and assqciated generic

. names: L ) ‘s
° » -
rs - -
. 1]
-
- 2,
S5 p
‘ . B . -
. V4 . .

e P ®
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Sarasota Shutters,

LTI
LT
[T

HHTHTTHL

Rolling Shutte}g\s Side-hinged Shutters

Figure 18.+ Types of Shutters

The photographs following the referencig,;llustrate

_installations of Bahama ‘and Sarasota types df operable
shutters as seen from the outside and the quality of
light penetrating a clased rolling shutter as seen from

wmethe inside. (76,Wilk)

REFERENCES:

-

NBS, "Home Energy Saving Tips'. - National Bureau of Standards,
Washington, D. C., undated.

~F

Wilk James A., personal communicatlon, Wlllard Shutter Co. Inc., Miami
Fla., Nov. 5, 1976. s




- - D =S ~ < - .
< - T . . < - : ’ . N
. tocae S S U T
_ - P
—
. z . .
. - .

PRI TRy SNE
; ;‘;gé}—’:g’ e e
SRR SRR
N S S A IR X

¥ T EA,

Willard Shutter'Co., 4420 NW, 35 Court,. Miami, FL 33142
. ' ‘ - [y ¥

- A
E ( :
oy -
ri N
] . ®
a L4
B
“n
t 1)
. .
1
-
P . P -
£
£ M
{ .
P T - 7
¥
K3 -
» 3 - N
B A
* .
1 R -
. .
- , . .
& LR
-~
.
- »
- -
R -
v .
. ' L J
. ‘ *
. -
.
-
»
.
\
72' N




«

FL 33142

k]

Miami

)

Wiltlard Shutter Co., 4420 NW, 35 Court,

\)Pj 3

l C '
A FuiText provided by Eric

E

-

’

~




_ PHENOMENA: . - ‘ :

25 AWNINGS/Shading

STRATEGY: . B a .

\

Install an aﬁhing with provision for air to circulate between it
_and: the window to provide shade without ‘heat build-up.’

‘1)‘ How well an awning shades a windgw is dependent on how
opaque the material is tg¢ bdth direct sunlight and diffuse
light from <he sky. The following table gives the trans-
mittances (amount of light penetrating/total incident light)

. of several common awning constructions: (58,0zisik,p463) ~, .

SOLAR TRANSMITTANCES OF AWNING MATERiéLS & CONSTRUCTIONS

|

Material . Direct Diffuse ~ & e
transmittance transmittance
. . L
Canvas O.Q% .- 0.0%
Plastic 0.25 0.15 #
\ 1 s . . . -
Aluminum o
(separated slats) 0.0 . N 0.20 -
’ 4 .
Note: . o
g Source: (76,Stolz) See the figure at the end of the. &
strategy for an illustration of an aluminum awning.
2) The surfaces of the awning exposed to the sun.should bea . .
L& light color %0 minimize the amount of-sunlight absorbed. ° -
Sunlight absq@rbed by the awning raise its temperature. Much
of this heat may be transferred to ‘the window i two ways: & 7
. by radiatton, and by raising the temperature of the air ‘
betwéen thg awning and the window. Light, colored awning
-materials \gre therefore more effective becdttse they stay - «»

cooler and transfer less heat to ‘the window. TFor eXample, a
white canvas @wning-or a slatted, white aluminum awning
reflects between 70 and 91 percent of the sunlight depending
or how clean it is (dirt absorbs light). By comparison, a
dark green canvas awning reflects only 21 fércenty and a
dark grpéﬁ plastic awning reflects 27 percent of the sunv
light, * (58,0zisik,p466) - . fy

“ .~ ~

- . " ’
‘ 2-27
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) , 3) . The heat from sunlight absgrbed by a dark-colored fabrici
y _ will build~up under therdwning and be transferred to the
window unless air is permitted to circulate behind the
awning Fabric awnings are commonly installed with a narrow'
continuous gap between the top of the awning and the wall to
. prevent hot air from belng'trapped under the awning.
. \"Slatted aluminum awnings inherently provide air circulation
by virtue of the gaps (ranging from 1/4 inch to 3/4 inch)
- g between - the horlﬁontal slats. - . g

AR PP

. . ] R
- - 4) In order for an aWning to be effective, it must be designed B .
to provide adequate coverage of the window area for the
spec1fic orientation of 'the window. A south—fac1ng window S
) ) tequires only a minimal horizontal projection to be com- T _—
' e + #=pletely shaded all summer, all day. An east or west-facing -

i window needs an awning which extends down a substantial
percentage of the window height “in order to provide protec-
- tion from the low sun anglés of early morning or late

afternoon. 1In addition, the sides of the awning shoyld be
closed to prevent sunlight from angling in behind- the awning
o ) on south-facing windows. The follbwing table illustrates
it area of glass beneath awnings of various con-
Ations in Cleveland Ohio. (58,0zisik,p472) ) ' .

rw N

Ly

’ . , - e
ORIENTATION . SOLAR WITH SIDE PANELS OPEN SIDES .
L : .+ et L - oo .
o ‘ o * AWNING DROP> . AWNING DROP®
0.65  0.60 0,55  0.65 0.60 0.55

= SoumH 8am. 4pm 4 . 8% 13 7% 14%.  22%, >

g = 9 am. 3 pam. 2 P N T T
10 a.m. 27p.m.’ .° 2 5 2 5 7

EAST , .7 am. 5p.m. 7 13 - 22 7 13, 22

WEST .-8 a.m. 4 p.m. 7 15 7. 15 4
o ‘A'ﬁt‘* .'\ ", ‘ ’ s o, o0
e Note: . -
’ . ’7 . b - -
o 1) Solar time approximates clock time half-way across a
time zone. Clock time at the western extreme of the
time zone will be approximately one-half hour earlier
. than solar time, and cldck time at the eastern
. - " .+ extreme of a time zone ‘will ;be approximately one-

ha%? hour later than solar time. “. ' .

s

- et ) - )
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;:l -, \% ‘\‘ ' v ‘ ‘




R R *
Yo %*ii, 1ty - Lot ; T
L & 2 LN S8 % S NI ) -1l o S
[N & W £ % oo - ' * w’“"‘v

S5, L% : .

2) The awning drop equals the distance the awning
extends down the window divided by the total window
hEight. . [
Lt ) - . Yo -
5) The net effectiveness of an awning in reduging the summer
solar heat gain of windows is given below for a design
day representing August 1 at 40 degxees latitude. Heat .
gain is totaled for the period fromxhxa.m. to 4 p.m. for :
the south exposure and noon to 5 p.m. for the west )
exposure. The awnings'have a 70 percent drop and pro- .
vision to vent air at the topw A dark foreground is °: ’
assumed., For a 1igﬁt foreground thegheat gain could be; )
s as much as approximately &wicg the amount shown due to
: 1ight reflecting up- beneath tﬁe tawning. (5830zisik,p474)

» HEAT GAIN THROUGH SINGLE GLAZED WINDOWS WIT& AWNINGS . !

ORIENTATION ~ ’ HEAT GAIN PER  HEAT EXCLUDED -
- OF TYPE OF AWNING ° 100 .SQ FT. GLASS BY. THE AWNING
WINDOW : SURFACE, "PERCENT-

. - BTU/DAY ‘ BTU /DAY REDUCTION

e

SOUTH No awning 62,200 , » ° 0 +0
. ., White canvas awning 22 kOO * 39700 64
Dark green canvas S
. awning 27,700 34500 55 . -
., Dark’green plastic . ' . ) g -]
"+ " awning = 35,600 <26600 43
- S \ ] . .
v *  WEST ~ No awning ' 84,200 < 0 0o -
VA i White canvas dwyning 19,500 -t 64700 77 'J‘
-, v Dark green canvas . -, ‘
. ’ __awning -f 23,900 60300 72
A 2 k green ﬁlastic L . . S
= . o awning ° o, \ 34,800 . 49400 -59

ADVANTAGES: o ST Ve
- .

- - .- : ’ ' l - - 1]
- - - - - . ., \ . .
1) Reduced summer solar feat gain by up to 55 to 65 percent
- -on south-facing windowg and 72 to 77 percent on west- , 3
g ’ ' facing windows. (58, sik,p475) ;

K 2) | Réduced glare. : g7 L

3) “Rain pretection or windows opened to provide ventilation.

- 4) Unbbstructen viédw out in a wanward direction. * -

5) Removable in winter'to let sunlight, in and prolong the L ' *

- L

~ life of fabric awnings. < ' .




i ‘,’“( 7 - U ) '
g’!rt-«w mr“:(r (“{L!\( ”':‘("( o ¢ . 4 e e ) ‘ .
b
L

DISADVANTAGES: : *

1) Subject to wind damage. .-
- ] . .
2) Periodic replacemenY of fabric due to weathering deterio-
g&tion. (Canvas: &4 to 6 years, vinyl coated canvas and
plastic: 6 to 8ﬁyears) -7
( 3) Reduced effectiveness if ground surfaces and/or adJacent . .
- vertical surfaces are highly reflectlve. - .
3 , R o
: 4) Horizontalsview.out partlally obstructed v1ew of sky
‘largely or completely obstructed: E— C .

5) Rainwater run-off from large awnings can cause spiash
= problems on the ground. - ,

N2
*

AESTHETICS: S

£Ys

E .- oy -,
’ 1) A;%lngs are avallable in a var1ety of col6’s and patterns.

M . Theyxgan be a brlght cheerful addition to an otherwise - . “
: draz\%abageL_~__J o _ ‘ g

”
.

“

. . 2) .Awnings will drastlcaliy darken the building 1nter10r by . .
«@ ‘eliminating the sun_.and bright gky as two sources of ~ . ;
T . illumination. Any suplight which does penetrate at thé
dﬁ%&* . bottom of the window area does not project any depth into
S a.room. o i .

@ - ’3 ) . ~ 4 i °
ar : A - s, vt “ ® i =
., COSTS: . . . . ' Gy v A ’ :

In the Washington, D. C. area-the followirg is a sample of the _a
installed cost of an awting coverlng a3 ft. by 5 fr. high,
res1dent1al window: T

e
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, COST, OF, §,
COST OF FABRIC * FABRIC
MATERIAL CONFIGURATION . AND FRAME REPLACEMENT
- ! Y ¢ . -
Painted Canvas No side panels - $60 , $40.
w/side paneis $70 $50
N
Vinyl-coated . ) ' ‘
10 percent more than painted canvas

canvas

or vinyl-coated
, dacron . =

_ b
Acrylic treated i .

acrilan 20 percent more than painted canvas _
‘ -
solid panels - $100

"Enameled alumigum -
: open slatted $120.

" EXAMPLES: . Y

<

1) The following example illustrates flrst cost savings
N possible with awnings on residentia windows. Calcula-
tions are for a room with 400 squar¥ feet of floor area,
and two normal-sized, unshaded windows facing west. If
- awnings are ifistalled over theifio windows the reduced
heat load permlts the use of a 3/4 HP motor to drive the
a/c Compressor : “instead of a 1 HP motor. The smaller size
. also permits the use of the standard 110, volt electricél
service rather than separate w1r1ng providing 220 or 230 .
volts. Thus, the use of’ _awnings saves $60 to $100 in the
purchase price of the air conditioner and $50 to $100 in
installation costs for separate wiring. (Ogden,p4)

N
.

An example of first-cost savings possible with canvas .
awnings on d commercial application is the newly constructed
Administtation Building at North East Missouri State
University. By using an opaque, acrylic awning over the’
-windows, less expensive gray, tinted ‘glass could be substl—
tyted for reflective glass’ and the size of the air condition-
ing system could be reduced due to the reduced solar load.
Operating costs .of the heating system as will as the air
conditioning system are expected to be lower (duewto the
’ > winter solar gain admitted whin the awnings are removed)"

in comparison to reflective g ass which rejects sun year- -
,Keller)< ) .

[T B 4

round,

. -




3)

4

Operating cost savings can be calculated for an e xample
‘4" “case using the table listed under thé PHENOMENA (number
. 3). White canvas awnings are installed-on the west side
of a house in New York City. (40°-46' lat.) There. are
six west-facing windows totaling 100 square feet. The
awnings would reduce the cooling load by 64,700 BTUs per
day. Assuming an air conditioning system consumes one KWH
to remove 6826 BTUé 9.5 KWH would be saved, At $0.04/KWH
the sayings amournt -to $0.38. This represents August 1, a
day when the air ‘conditionipg load is 11kely to be greate¥
than a day in the.beglnn;ng or end of the air condltioning
season. However, the amount of daily solar ‘radiation (the

"., heat source awnings reduce) in August is actually less

'»than the average. for the period of May through September.
Threrefore, the savings/calculated for Aygust 1 are a
conservative estimate of daily savings possible during the
air conditioning season.

Following the REEERENCES is an example of a roller awning
used on an office building, (75,Avery,pl) and a slatted,

alunlinum awning used on':a residence. (Alcan,ﬁ?)
The following are examples of common awning configurations:
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REFERENCES: - ’
Alcan, "Flexalum Awnings",:Alcan Building Products,

JAvery,

¥

a

»

[ 4

-

Cleveland, Ohio,

.

undated.

B , . -
"Queensland Sunblind", J. Avery & Co. Ltd., 82-90 Queensland
Road, Holloways EngIand., February, 1975. ‘

Buckingham, Donald. Telephone conversations, Washington Shade and
Awning Co., Gaithersburg, Md,, Dec. 27, 1976. :

CPAI, "The Utility and Distinction of Design in Canvas", Canvas
Products Assoc. Int., Saint Paul, Minn., 1964.

Glen Raven Cotton
9

*®

Glen-Raven, "Sunbrella Outdoor Decorating Guide"
MPlls Inc., Glen Raven, N. C., undated. ﬁﬁ o

Grehan, Arthur, Correspondence, American Canvas Institute Memphis,
Tenn., Jaly 31, 1975.

Keller, William, telephone conversation, John Steffen Assoc.,
consulting engineers to Ittner and Bauersox, Architects, St.
Louis, Mo., Dec. 29, 1976. :

~

Ogden; J. B., "Air Conditioners Will Help You Sell Awnings", Air
Conditioning Dept., RCA Inc., Chicago, Ill,, .undated. o,

P |
Ozisik, Necati, and Schutrum, L. F., "Hedt:Gain Through W¥ndows
Shaded by Canvas Awnings", ASHRAE Transactions, Vol. 64 "ASHRAE
Inc., New York, N. Y., 1958. il

W

P.G & E., "Window Awnings Save Energy", Pacific Gas and‘Electric .

Co., San Framcisco,

Ca., undated.

< .

-

Schultz, Kenneth,

Review, Canvas Products Assoc. & Int., St.

4965

7"Soiar Shading with Canvas Awnings", Canvas Products

.

Paul, Minn., March

B

-

-

Stolz; Ivan, telephone conGersation,'Aluminum Awning Industries, .
Stockton, Cal., Dec. 27, 1976,
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'3, FRAME

The window’frame can enhance or detract from the beneficial

4

energy attributes ©f a window, The material from which it is™

-

constructed can be insulating or highly conductive of precious

winter heat°and prone to bondensation probiems. Weather- ﬁ\\\

» -

str;ppqu between operable sash and the frame can substantially

impede infiltration through joint cracks at bhe erimeter of
the window. The perimeter’tan be kepﬁ minimal ?y_adjusting
/ v \
the proportion of the window.® Temperate {reezes'can bé captured

o

operating window type., Finally, the winier solar heat gain

L
’

tilting the window frame.
y

Aruntoxt provided by Eric:
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STRATEGY:

4 . « A ' [
.
‘ ’ "Specify window frames with a provision for controlled -admittance
) of outside air through the frame section intd the building
N .

. interior.
v o Y

PHENOMENA: - T
: _ -

v

~.q ”
- Small openings can be incorporated in the head or sill section
of tbe frame to admit fresh air without rain or insect pene-

A weatherstripped shutter can’ provide tight closure

L] -
@

tration.
when ventilation is not desired.

1 . .
. ‘ )5

-

ADVANTAGES: : L. :
\. ( ) - e o - \
1) Occupant control of the ventilatign., !
&, '
2)  Ventilation at window where securlty or cost preclude g - /

- operable sash,

-

DISADVANTAGES: ' \ , R
’ ’ . P
Lack of centrally controlled admittance of .outside asir.
T ) .
-~ Sa. ) .
AESTHETICS: . - - -

. ' - R W .
A deeper head or sill frame section td.accommodate the ventllation
openings is requlred o s . .

\ﬁ r. * ~’, -

-
< 2 .

Inciuding through the frame ventilation increases the frame
cost between 15 and 20 percent depénding upon {Eitnﬁm selectedf
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EXAMPLES: . X . ¢ )
Following the references S_re examples of frame ventilators. .
S .t ‘ ‘ ’ ' R - C
REFERENCES: B ‘
t . . 'y —_ .

.

Kawneer, "Kawneer Has Just _Re-Invente\d the Window'", Kawneer Architectural
Products, Niles, Mich., 1976. ) ) .
. N .
- 1 ?
Roto- Internatiosial, "Unitas-Dauerluftung' Roto Internignal, Essex,
Conn. 1975. ’ ' )

' ’ °

Do i R | :
Wausau Metals Corp., "dluminum Windows and Curtain Wall", Waugau Metals
* « Corp., Wausau, Wisc., Jan, 1975. _ , s .
. , .
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32 WEATHERSTRIPPING/Air Tightness . ]
" o ) . ' _ ) i . 4
‘STRATEGYg -» ) ° . ) [' <
] . SRS

PHENOMENA :

1)

- \d

°

Infiltration is one of the primary ways thas energy is
lost thdgugh windows. Every three feet of edge of .
operable sash may lose as much energy as one square foot
of glass (74, Profe3319nal Builders,pl54). 5
Air leakage through cracks only octurs when there is a
ifference in air pressurz between the inglde and outside
of the building. There are two fundamental causes of
this air pressure difference: 1) outside wind dinduc
pressure and or inside’ ‘mechanical system.-induced pregsure
2) air den31ty difference due to inside and outside dir
temperature difference. These two causes can tend Lo}
cancel each other or can be compoundlng - . .

-
+

The air tightness of a window depends upon the initfal
size“of the crack between the“frame and sash necessary

- N ) - ) -
" Install weatherstripping to reduce air leakage through windows.

- -

for the sash to be movable #nd to accomodaté fabrication
tolerances; and upon the change in the crack size With
‘aging due, to general wear, distortions of the frame due
“to exterral stresses transferred ﬂrom,the building, and
shrinking or warping of the components. *Alr leakage *

. thrOugh the perimeter joints of operable sash be _
effectlvely reduced  with’ weatherstripping because of the
ability GT'weatherstrlgping to aCCfmmodaxe changing.join
sizes, ) -

~

e : . .

4) {ASHRAE estimates the effectivéness o weatherstrigping
for various’ typES of windows as follo s: (65,ASHRAE, p459)
/ e ’ - ' ) ‘ g
- - o
2t ’ ’ \ e ﬁ ’ ¢
. . * N ) - )
~ . . . t - TP .
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CUBIC FEET OF ‘ATR' INFILTRATION PER FOOT OF CRACK, HOUR

.

" Wind Speed (mph)
Wood double hung . 10 15’ " 20
(tit, unlocked) x
21 39 59 80
13 24 ¢ 36 49
average reduction perceht-reduction due to Wea}her;
- stripping » -

-

{poor fit, unlocked) : .

non-weatherstripped 27 69 - 111 154 . ' 199

weatherstripped -\ 6 19 34 51 71

ax'rerage reduction 70 percent reduction due to- weather- ~
' stripping . .

b -

14

Met*al -Double hung po
.(unlocked) . .V _ ,
non-weathersgripped »20 - 47 74 - 104 - 137
weatherstripped - | - 6 .19 32 46 .60
( + avetage reduction ’ i 60 percent reduction due tg we'ather\f
. stripping [

ADVANTAGES: NS \'

H ¥ . s

“

o

-

1) Rc;.duced Jznfiltration c)f‘ outside air on the windward side
) of a building and reduced 1ovs3 of conditioned air on the
leeward side of a building. VA

2)  Elimination 6f~unc'{)nif0?table drafts.
. ) - ”

LR N
-~

3)  Increased resistance to water and snow prentration.
I4 ’ T
* 4) -Improved sound insulation.’

. -
#,

DISADVANTAGES:  * . -~ ¢\
’ A - N *

-

v - -~

1) Deteriorates from physical aging or wearing.

. ;‘%ﬁ . .
2y Car&ot combens'éte for gros; frame distprtions.




An.analy51s was performéd on a hypothetical five bedroom
bungalow with 998 square:feet of floor area, 12 windows
wlth a combined area of 221 sq. ft.; two doors with a

bined area of 37 sq. ft., and 4 inches of insulatich
in the walls and ceiling. The windows were average
fitted and had rib-type metal weatherstilpplng The
interior temperature was to be maintained at -70°F. The
following tabfé summarg§zes the calculated reductlon in .
wint¢T heatingycosts due-to weatherstrlpplng the windows ./
of the hypothetical bungalow located in’various cities. //
The costs havé® ‘heen recalculated by~the authors for ' -
natural gas at $0.21 per 100 cubic: feet (Nov 76 price in -
Washington, D. C.), 1000 Btu/cubic foot, and a furnace®
efficiency qf 80 percent. (525Lund,p4)

a

FUEL COST- SAVINGS FROM WEATHERSTRIPPING \

. . o
Fuel Cost-due to Total Fuel
Infiltration - Cost #

.Degree Days, Non , Non
W.S."7 W.S¥  Savings W.S.+ -W.S.

.
L)

L4561 55.23 19.40 . °35.83  149.72  113.89,

63793 22.47 41.46° 173.30  131.85
~ - ‘ t .
76.06 26.72 49.34 .206.20 156.86

e

62.57 261.50 - 198.92 °

77.54 324,03 246.49

>

- .: ' t f

2) The,follow1ng sectlon thtdugb a doublg;hung window illustrates
one manufacturer's weafher%tgipplng mefhod" -

-." '_','
.S .. , . o
- o # o v . !
~— . S
. - N R
L « - - .
,
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. = therefore fers .little resistance to unwanted flow of hea}.
. (75,Kern,p47) This inherent disaﬁ*@ é of metal windo
t . frames can be al®leviated by therma é@arating the inside of «
' the frame from the’outside of- the frame. There are presently
\ - two methods of providing a thermal séparation: °
A\ S » M L dd 0 .
a) pou poly-urethane jn a slot in the metal.frame; then’ s
after it has 'bonded and set, sawing . away he metal-
brldglng the slot. R ‘- ;ijf\.//‘ )

‘E" . proportional to the amount of_fr area. The frame area *
\ .

v =" L] X3 .
-~

33 THERMAL BREAK/ Insulation ) o
STRATEGY : R '
Provide a thermal break in the path of heat flow throhgﬁ\métal . .

window frames to reduce winter heat loss and summer heat gain.

Y .

PHENOMENA™: o

- .‘j ¢ . ) , . . -
. , | S

1) " Aluminum conducts heat 1,770 times better than wood and

o
. - |

N J b) providing twe separate frames linked together with a -
rigid vinyl ingert. ) . ) . -~

- ' .

2)  The effectiveness of -the thermal bréak depends upon the
insulating valye of the material used and the thickness of the *
ma%&rial in the\path of.the heat .flow. . -

An aluminum *frame with a good thermal has a U-value similar to
. insulating glass (U=0.58) and performs substantially

better than an aluminum frame with no thermal break as

shown below: (76, Kolblsﬁop)

3

- > .

. Frame U-Value.
2 inch thick aluminum frame - no break U=1.18
2 inch thick aluminum frafie - with break U= 0.60

roa

3) The begefft of providing a thermal break in the frame is

can be as high as 20 percent of e total wiMlow area.
In such a case, if ‘the window is glazed with 1n§ulat1ng
,glass, it jis important that the frame not prov1de a "short
- c1rcu1t for the heat flow.. A thermal break in the frame -
" prevénts this. ‘ ) !

~




ADVANTAGES:

:»i) Reductlon in ‘winter heat loss and summer heét gain through the
window rame, - ' : . )

Ll .

-

. »

2) 'Elimination of condensate or ice forming on the frame except

in the T%Ft extreme cdhditions. \ .

3) " Elimination of»wall deterloratlon due to run- off from éonden—
sate. ) . ce T - )
DISADVANTAGES: * ; C i) Coe e TN :
/\‘\ (. i . - e ° ey,

1) Possible degradatlon,of the thermal break from sun eprSure if
“’the frame section does fot: prov1de protection.
‘e .

2) fImposltion of stress on the thermal ‘break if it is bonded to

& béth sides of.lop sectlons of aluminum subJect to wideé
¢ . inside/outside temperature’ dlfferences and extreme summer/ , -
winter temperature ranges. . - .
. .- - *

.. For. exghple, the temperature of the outer‘frame, if it is

' ) anodized a d or, can range from 160°F ( °C) when exposed
to ght in the summer to below zero (- 17.7°Ch\ on cold '~
winter nights. ’ The frame inside the thermal break will stay

mueh closer tq room temperature, especially if the window has .’
reflective or heat absorblng insulating glass. *The wide

- seasonal temperature range of the, outside‘sectlon will cause
it to expand and contract while the 1nner section chahges
relatively little in length. (76, Hetman) This phenomena o
requires the use of a resiljisnt matéria for the"ther break -
and ac*good bonding agéﬁt. (}6,RoeHm) ' . 93{

v ’ ) - -, ] ¢

4 P
75) .Increpsed aluminyg@-cross section 5i48 redquwifed for structural
integrity if the rmal break allows “free slippage. betweenik

" the two frame pa . ! e e !
. i .o , - . M
* . ~ — ,.' . ) f? 1 : /\. v ' ¢ 1
AESTHETIC CONSEQUENCES: . N R T

-
L4 » N . -
5

1) The frame sections can be detailed to obscure the therméf,
> break from view or the thermal bréak cam be.coloredsto blend ..
with the frame. L - .

. ® ‘
2) A more massive frame section may be necessary to accommodate'
the. thermal ,break and still have adequate structural integri
if the thermal break does not bond the two sections together,

Lo ’ 3-12
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* The cost ‘of installing window frames with a thermal break depends
'upon the complexity of the frame. For 'simple fixed glass frame
sections, Z thermal break adds approximately 10 percent to the,
material cOst of the frame. For openable windows, a thermal break
will”’cost con51derably more because there are more rrame components

+ & ; + ,and they .must w1tnsqand the stresses\of operation. , oo -
. EXAMPLES: u '
. R . .
i) A manufac turer has cdlculated the erergy and resulting cost

savings for installing windows with a thermal break in a new
office bu11d1ng in Lincoln, Nebraska.® (6,671 heating degree
davs, 1,182 cooling degree davs) All windows were to be
double glazed anc non-operable. The building had 1,350 sq.
ft. of inside window frame area. O0il heating with an effi-
.ciency of 70 percent was assumed. Based upon an improvement
in the frame U-value from 1.18 to '0.60 it was calculated
’ "that’ 1,270 gals oil could be saved. At $0.40° per gallon
this amounts to $508 saved per heating season. . Additional -
savings are expected from reduced air condltlonlng costss
The thermal breck Interrupts the conduction, from the sun- o
° . . heated outside surface of Jthe frame. The additional cost
‘ of providing window framés with a thermal break was $1080. ~
{74 ,KOBISHOP) ‘ .

. \ ) - . Y. P

4

The following illustrations show how poured poly-urethane .
thermal breaks can be included in window frame sections.

. S
- 72
I IK . - , ) ’ .
' 2 . <
a1 te
X T ~ N
N . el 7
ﬁ -.
. e e I
\ A ; ! ~N
- Neoprene '
Weather-stripping
£y
. ” 4 '
High Structural” :
' \ . Strength Polyuretharie/ - .
C L. -
O
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- 3) The following photograph illustrates the effectiveness of a ’-
thermal, break in ‘teducing heat loss through the frame. A-
piece of dry ice is placed in contact with the outside face of

. ., two window frames. The ftrame section to the right has no

°

thermal break and ices-upﬁ, the frame section on the lef T
contains a thermal break and does not ice-up on.the jrSide.
'(76,Devac,pS) T .
R ) . - v
- "l; . ; ~(<. ‘f ; ;
- / ;
. - :
A e

~e

l\‘\“

\‘\

S.eeDe‘;ail"A" Dry Ice Frame -~
" without’ .
Thermal
Break . 7
tX

Devac, Inc., 10130 State Highway:55, Minneapolis, Minn. 55441

Mo providsa by eRic: -~
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34 TYPEOF OPERAﬂO%nﬁiatiori, Air Tightness
‘%

»-

ra

A . . . 07

STRATEGY: O ) C

« ~ - T"A -

Select a type of operating window considering ige ability to draw
« in outside breezes and direct incoming air. -

A
o . .t

.
. ' . R '

’

PHENOMENA° - ' A
3 ,{'" .‘;- o o . . , , “ ) ) '
t . .2 . - M ) .
1y Outward projeqting casement windows can scoop in and exhaust
air when the wind is parallel to the wall. (55,Jones,p4)
4 ? . . . ’ { »
’ . . ' ) Wind : o
- - . _ . —-’ »

-
a— .

DR z?)
N [r Q,\f /fﬁ-,

Figu;e 21. Plan Vlew of Caserhent Windows _ . ,e

* -

'.2)  Top*hinged, bottom hingedy center pivoting, and Jalou31e

. " ¢ of the sash. (73,0lgyay,plll) This helps relieve the =~
L ' ten%chy of hot air tq stagnate neé% the ?eiling

)

" windows can angle the 1ncoming air stream upward in the plane A

)




. ) - ” ~ ! \ .
T . \ . b
. . ‘ ' .

* ' 3) -Double hung windows provide slight wentilation, even on ’
windless days,‘due to the difference in density between warm
and cqol air.- When ‘the,outside air is cooler than room /
temperature warm, less- deﬁse ropm air exits out the top Ve
. windoew openlng.uhlle cool, more dense outside air is.drawi)/in
. -+ through the bottom window opening replacing the exit1n§;;9;m

- air. TIf the outside air is warmer than room air the pibcess

reverses. Because this effiect increases w;th increasing
. vertical separation qQf the top and bottom opening tall,
-narrow windows are more effective vent11ators (74 ,Grandjean,
: p211)

) v -: . . . ¢
. Outside ‘ / Outside - e

. — — — - .
Temp 60°F Temp. 80°F ) ' ¥
" 0 0 ',/ \ ‘ L \ ! ;
RGN, . . \
‘ . Ry Figure 23.  Air Circulation Through Double-Hung
. . Windows Shown in Section !

$

-

4) Horizontally sliding windows with both halves operable may
prov1de more ciréulation of air ih wﬁﬁé-mlght otherwise be
. dehd air spaces. Also, the option of “Gpenimg one 51de, the
other side, or both affords more flexibility for furnishing a
room and more options for the room occupant to direct the air {

flow. . .
1 o/ i ‘ L
RN | — | C T '—vﬁ__‘
L \ A : | —ee}
. / L - ‘ W\;
* /" | T
7 . )
P I
. < - ." . g‘ \ J
=2 = = -
. Both Sashes o) \ One Sash
o Operable | - * Operable

Fig,urel?4. Plan View of Air Movemen"( Through
'Hoyizonal Sliding Windows Shiown in Plan

k3

3-18.
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» 67

. 14 o - 1 -
ADVANTAGES : . .o T . N
. “. M " Y ' \ ¢
. . 1) More effectlve overall wentllation of a’ room, -
i _' - 2). Vehtilation during‘rain\53§sibla with out—sa!;g aﬁﬁing, in-
c swing hopper, and jalousie windows. ~ . )
v - <
: - .37 100 percent of window area 1s~0penab1e with pivoting and .
ylnglgg,type windows compared to'a maximum of 50 percent with
P ST, q“ vertically- or horlgontally slldlng windows. L . .

o "d ‘ P . .
4)  Greater ease in yindgﬁ'Washing ‘possible when outside glass

: ) pivoted neadrly 1§0°, or when'sash can be lifted out of;tracks.

’ .
. .

5) ddcupaﬁt control, Option to have greater varlatlon of woom
. ) témperature and ventilation than 11ke1y w1th mechanical system

. .alone. ‘ . ~— - R
3 . . : ..t

' DISADVANTAGES: . , : -

' ’ . “w N -

1y Pos51b1e w1nd'damage when opened, hlnged or pivoting sash

- * catch gusts., , . ] : :
. 2) Wore-parts to: requlre malntenance with *vertically or hori-
- \ zontally pivoting sash compared %o Slldlng sash.\
- .~ 3Y Possiblesentry for burglars by. nemov1ng glass slats of
. < jalousie windows:. bt
. - 4) Interference with inside draperies, roll shades, or bénetian

N\
blinds with in-swing windows, and interference with outsgide
sun screensy roll bllnds, or canvas awnings wifh out—swinging

[
v

" . 'w1nd0ws. T . ) .
. O The following table s\hmarizes several of the above advantages and
Lo disadvantages of window operacing types:
s - a ‘ ) -~
/ff-\\\ o ) . . .
- ’} \

\ .. *

(K] - - . B

N ' ' ’ 3-19. « =7
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. surfaces can be reached through opened sash, when sash can be °

’

4
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~ ADVANTAGES ** S, S 1Al >
M 5
.
. . e R .
provides €00% vent opening . X XpX| X| X[ X X
f » . L i X )
diverts inflowing air upward v 3 X X X
B 0 rd
£ . . . -l
will d&flecc drafts : Xj{X]|X[|'X »X |
offers rain jrnCeccion ¥hile partly o;en . X )S X X
screen and storn sash .easy to install X1 X X'| X[ X L X . ‘§
- * » : : + ’ . .
easy to wash with proper hardware ~ ’ 4 X NI RIRIR X Il
co- X B w Y . . . , j
' R —~ e
. DISADVANTAGES : . i
only 50% of area openable * | X{ X
T .
does«not protect~from rain when open N RIREIRIEIN
inconvenfent operation when over an obstruction H Xi K X X
4 7 P
presents a hazard if vent low and close to walkwa}ir X R XX
hard to wash ‘. : X X XX
interferes with furniture, drapes, blinds, etc, X[ x| X X
screens-storm windows difficult to provide ’R( X| X
. B L4
sash has to be removed for washing XT - X X X
Y .
¥ . -
-
. . - .
L3
. , . i ] N . <
4 .
. . . \
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AESTHETICS:
\ [} . , ' ‘. ;
Subdivision of a window to provide operable as well as flxed
portions reduces the scale of the Fenestration and may reduce
dimensions to a more human scale. - .
(

With a large facade, ‘occupant discretion in hav1ng the w1ndoys\
closed !partially open, DT -comple tely open will provide a

constdntly changing pattern to the composition ot the fenes-
tration. ‘. . . LB . :

W
~

) : ‘ \ A -

An open window, unlike a ventilation register.delivering
"processed" air, allows a sense.qf contact with the outdoors,
both visually,'acoustically, and olefactorily.

Horlzontal w1ndow meeting.rails must be des1gned,with eye
level, sight-1lines, and view cons1dered in order that annoying

view obstructjion be avoided. o v
»

A\

Too much subd1v1s10n of the glaSs area can distract from an
«.attractive v1ew, as with- jalousie windows. -

‘.

°
)

The additional cost of selecting the correct but more expensive
type of w1ndow to ventilate a room versus selecting' the léast
expensive type of window'is small relative to .the total building
cost. ' Providing- double hung versus single hung results in minimal
if any additional costs.” Often thé track and' separate %ash are

’ already existant sonly the operating hardware need be provided.
Casement windows are more expensive)than horizontally or vertically
slfdlng windows but afford Somplete opening of the window area.
Jalousie are more expensive than casement windows but afford 100
percent openable area-plus rain protectlon.. . "

) .EXAM'PLES: : S ' - \.
-7

> "

. 4. R

hinged at the side 1like an in-swing casement, or by shifting a -

- " An unusual type of operating window s available which .can be
1
g lever control, hinged at the bottom like an in-swing hopper, window.

L4

»
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When the sash is hinged at the bottom and the heat r@glster or * LI

‘radiator is located below the window the risihg hot air will be

directed into the’ roém while being mixed with a controlled ‘amount ' -

‘ of outside fresh.air. Drafts are minimal in this’ situation. When '

~ the sash is hinged from the.side 100 percent of the windbw"area is
available for air circulation. Washing is facilitated by simpl& "
swinging the window into the room in the side'hinged mode. .

The in—swing allows the installatlon of external storm windows,

- M
insect screens, solar screens, or awnings. However, it does. »r’

interfere with interior window accessories, e.g..draperies, venetian
blinds, ror shades as well as limiting the placement.of furniture
near the window. (75,Architects Journals,p488) - .

. . : N 3
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.35 WINDQW TILT /Solar Heating * ,
. i . i
-STRATEGY: ,
N ~ <
\) Design. windows tilféd slightly towards the ground to- reduce _
summer solar heat gain withOut apprec1ably affecting winter *
solay heat gain S, o oot ‘ H
PHENOMENA : - . R
. ! . 4
" 1) Reflection of sunlight at the surface of glass varies
_ considerably depending on the incident angle at which the
light ‘strikes the glass (d.e. the angle between the light
ray and a perpendiculdyg line from the surface of the . -
, glass as shown in the figure below). At-incident angles
*
* & /l '
PR |
N ® ’ L]
. o .. 4 ¢
h S .
- 14 . y
. \\‘\\ ' ) ' u; * ' 1
. .. /A . ’ M A ! —" .
. - - . - -
s oL / Line Perpendicular to window plane . - .
. | - LI ‘e . 1-‘ '. , .
¢ A — Angle betweehsunand -* N .
woe . windowin plan vnew :
‘. B— Angle betveen sun J 2
: - and ground plane (Altitude) -
 T.— Incident angle : . ’ .
. v Figure 25. Incident Angle lllustrated >
. ' ’ £ -
PN ) - \
b3 o~ . .. ) . ,
. | 3-23 - ) '




' Y ) . ,
, . y ’ a
less than 57° spall changes in the incideng angle have
little affect bn the amounts of light transmitted or re-
. giected. At incident angles' greater than 57° the amount of
. direct sunlight.reflected increases at ,an increasing rate
and the amount of light trangpitted dég:eases correspondingly.
(77,Cellarosi) This is illu??rated in ‘the following graph.

(74,Yellot,p22)
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* During the summer when the sun is high in-the sky, the _
incident angle of the sun on vertical glass is likely to be -«
wefl aboye 57°. For example, at 42° latitude at noon on
Jyne 22 the incident' angle of.sunlight on a vertical plane
of glass.facing south is 71.45°., This is_ so far in excess =
of 57° that any increase in the incident angle, (i.e.
filting the glasg outward) will greatly increase the amount
of light reflected and reduce the rsolar heat gain corre- °

. ;

. / spondingly. N g7 . *

- L4 A\
-

During the winter, wﬁén the sumt is low in the sky, the.,

incident, angle of sunlight on vertical glass is likely to be

less than 57°. For example, at 42° latitude, on Dec. 22 at

* noon the incident angle between the sun and a south-facing ..
window is 24.55°! ‘At this low sun angle, a slight tilt ' -
downward to the glass will not appreciably decrease the ¢
amount of sunlight transmitted in comparigQn with vertical .
glass. Thus, the potential benefit of,wizgér sokar 'heat =~ .

. gain is n@t appreciably decqeésed. This seasonal Gériation

. is illustrated in the following figure. oo

. > ’ . : ' *

h Alttude at Noon @ 42°N Lat. Altitude 8t Noon @ 34°N Lat. - o
.\ (Boston) . (Atlanta) S '
— — ) .
* June,22 =71.45 - .« . Yune22=79.45 . v
De¢ 22 = 24.56° ‘ Dec22=3255 - _ - "

Figure 27. Seasonal Sun-Angle Variation For Two Cities'
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From the previous figure it*can also be seen that closzv.
to the equator (e.g., 34°N latitude)-the sun is higher
in the sky in both summer and winter. Thus, less tilt
-7 of the window is'required to achieve the same reduction |
in summer sun transmissian as is possible with more :
‘tilt in more northern latitudes. . .
H - . : .
3) ’The amount of summer sunlighb trgnsmltted through a. .
. 'tilted window is not only reduced because more of the =
light is reflected but t is still further reduced be-
_ cause the horizontal o1 ward projection of the ‘tilt also
. reduces the area of glass exposed to the sun. The geometry

- , 1s the same as if there were a horizontal projection

shading. vertical glass. This shading effect becoihes

negllgfble in the winter when the sun is at a lower angle ~

in the sky. . -7
, . .. %

as

! Exposure of
Tilted Window

<
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AD?/}NTAGES: : . L ‘ '

<

1) Reduced summer solar heat gain w1thout obstructing view '
’ ot out. e . Y ) e
2) Little reduction of winter solar heat gain. \ !
) B ) N
3) deucglpn in exposure to cold winter nlght sky.
Th) N No ,management of the window requlred to achieve these
effects. , )
5)- . Reduced glare. <y )
o T, . e LY .
. 6) Less prone to soiling from birds. ~\W&{ ,
’ 7 qutectiqn of opened sash section from rain penetration.
. o : . '
DISADVANTAGES:, e T -t
' - " . /-0‘
1y Increased exterior surface area for same floor area™
prov1des greater potential heat 1oss. . C .
g C
2) Not effective on east or west exposures when sun is low -
in the sky. (The more off of a true N.S.E.ﬁi orientation
a building is, the more effect tilting the glass widl
have on increaslng the incident angle for the easterly or
— webterly exposures.) .
» 3)+ Reduced effectiveness when*ground surfacegs are reflective.
4) Dust more prone to colleét%gg on inside surface of the .
glass., . . _ : "
5) Washing tilted w;ndows may be more dlffidult than washing .
. vertical’ w1ndows.
. 6) Stronger'roll blinds required for non-vertical windows

because the slats, when not vertical, may tend to bow - .
from their own weight,

. . .

*




dominance.

A Y

2)

é

During, the day the prOJection of a building outward
towards an observer may instill a sense of overbearing
The effect during the night will be minimal.

windows

compared to the basé of the windows results in

The greater building perimeter at the &op of the

e

q

greater

-

"3y

-COSTS:

Tilting the glass increases the area of gZ”
height of window opening. ;
the installation costs. AT A

EXAMPLES :

CNES

. -

- Alr cond%gioning costs are said

expanse of ceiling which may give a sense of ‘spaciousness.
However, there is no increase in floor area.

{'l 4

the glass, With venetian bllnds
operating difficulties.

the slope may \create - .

.
.
)‘ ~
P

.

This will incr&

The North Carolina Blue Cross\and Blue-Shield Headquarters
in Orange Cdunty, N. C. is ordented with its long axis
running east/west with sloping) reflective glass on the., . ot
north and south sides tb reduceé summer solar heat'gain.

Wind acceleration was a concern\during the' design stages

dverse wind conditions.’

o be significantly
reduced- as 'a result of the shape of the building and use 7
.of reflectlve gy?zing (71 P. A.,p129) .

but wAad tunnel- tests showed no

i
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In the Tempe } Wun1c1pal Bulldlng of Tempe, Arizona the
‘glass slopes at 45 degrees to similarly act as its own
_sunshade and reduce heat gaineby reflecting sunlight due
to the.increased angle of incidence. Heat absorbing
glass and draperles are used to further reduce heat gain.
The area immediately behind the glass is 1solated from:,
offices and the heat that does penetrate is carried away
by the air handling system. The end result is that only
18 percent of the available solar heat reaches the \
occupied areas of the building. (71,P.A.,plll)

. -

.
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Dulles Airport Terminal Buildffg in Fairfax County, VA is
another example, The glazing ftilts optwgrd, consista

with the formal lines of the puilding, providing effectiye
solar heat gain reduction. The long tiltéd sides are
orieﬁted‘facing'south and north, East and west sides are .
wertical to facilitate future building ¢xpansion, =+ *°
Untinted single pane glazing 1s used without any internal
draperies, shades or blindd.. : '

1 ’ .
i . N * ‘o .
Robert Wehrli, Arch. Re\’search, Sect., NBS, Washington, D.C. 20234
! ] . '
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. STRATEBY: o h

Proportion windows so they approach a square‘and use féwer but
cqrrespondlngly larger window to minihize window perimeter,
thereby reducing the potential for 1nf11tration

-

) ’ :,gf‘ N
~PHENOMENA; , wT Y ~
- “ . ~mr‘ > e »
1) Window infiltration occurs at three joints: - ¢

. e oa) the perimeter joint between the frame and the wall.
,‘ T b) the perimeter joint\between the sash and the frame.
. v :
¢) the perimete%‘joint/between the glass.apd. the sash.
roo, ' /< ‘ ] o
Insulating glass conduction losses are greaEESt at the
perimeter where metal or glass edging bridges the in—
sulating air space. o 3 " .
[ 4 Rt . -
- 2) It is possible to decre%se the perimeter of a glven area
: . of window merely by making it closer to a square. in
" .« proportion. As can be seen in tHe following flguae, less
perimeter occurs for any given area the smaller the width
to height ratio is. Also the smaller the area, the more
pronounced this’ phenomena is.

1 3 -

v
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Figure 29. Aspect Ratio o & ..
H - . 1 < - »
R )

..« 3) Regardless of the size of the area, the amount ‘of perimeter-
for any given area increases at an increasing rate up tosa -
width to héight ratio of 1:3. Thereafter, the amount of
perimeter increases at a’decreasing rate.” Thereafter, if
non-energy critepia dictate a window.narrower ‘than a 13 ;w”
ratio varying its slenderness has decreasing engrgy .-
relevance. e .
A :

Py

-

.
o

",l‘

e

>

- ot

* 4) Using fewer but larger windows ratHer. than more but smaller
windqws .reduces the perimeter for‘a given windbw area.
s For example,+two square windows each 3 ft. on’'a side * :
" provide a, total area of 18 sq. ft, with agperimeter of 24 ’
©ft.” A qingle‘équare,window 4,25 feet -on a side provides
g fhe same area but the perimgter‘{% only 17 ft. '

.

-
. . .

ADVANTAGES: ' T SR . © &,
#./ M QS . o . . -~
l).sageduced potential infiltration due to reduced perimeter.ras; .

- -
‘'

p .
’ 2) p Reduced conducted heat ldss through the edges of insulatiflg
N glass. * SR - -

: 3) - Less time requized to‘clean a few large windOWS‘compared.
to many smaller windows. ' LT
3;34‘ * . ’ . ot w" - r S " s
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% r . N : P .
U A . »
. - s oty o L4
w o . .

I 3 3 ) , . . t WP ~/ . "-7
&) » Reduced ma\Lntenance cost of pa1nt1ng gn.d caulking - s
- | s o N .
N {5)‘ Reduced potkntiaP® fgr waterpenetration& . N
‘ RN C e ¢ -
DISADVANTAGES : - N
: "~ ) S @
+ X L )
1), Less uniform istribution oﬁ daylighx wi e?z large . -
- windows -compared to more windoys {p:laced iptervals, ?‘ T

. 2)  TFewer options or varying tzhe sourced\ Nt and natural
ventilation with fewer but larger “winddws.

: . 3) Increased phys'cal effort requ1red %\pera large windows. .
. ' . J -
4) Increased dost’ For replacement of broken g ass due to -
vandels or storm damage. : TN ’
W . . ' A S
O . .o

) ’ LN M . &

: AESTHETIC CONSEQUENCES: 7. . . .
- . . ) -~ 6. vy ) -y -
- \ - *

1) Larger and square shaped wiftdows may pOSe a ?roblem.if

- classical prop ions are dictated in traditional design
_ situations. ; T
Lo e 2) Larger windows affect the scale of the djﬁiLding. ' o
- 3)y oFewer but larger windows nay result in a clearer delinea—, .
" e tion of wall areas and window dreas, 9 , - oA
) T . . . s . . o : / .
.. COSTS: ST T e o T oy
. , . ’ § . . e
1) The total delivere;i cost of fewer but. larger w’iﬁdows is«, *: 'y
. ’ lower, ‘ , ‘e . c‘
¥ - - g \ . i :i' ~ [ .
e . v N " A v\; R . e
2) The costs of framgng and installing er but larger ) . C.
@ <, . Windows is apt td be less within cert ranges.. One ° .
constraint is the limit of what a carpenter cail” handle,

Pl

Secondly, the cost of framing the wall.opening ificreases ..
in -discrete increments as the ~depth of the header Ancreases U
in nominal increments. : > :

&e@% s . . - ' ~ ? {
X 3 » ) " - N . B
¥ - * ~ ® h . .




' P5=8.94 P5=049 |P5=10.33|P5=112|P5=120[P5=1238
-~ ' Figure 30. Aspect Ratiqs~ . - o
REFERENCES: ) c
" ) - ,
Rehm, Ronald, meeting, Mathematits Divis n,'Natlpnal Bureau of
Standards, Washington, D. C.. Deqz10, 1976. .-
- ) - ) N . " > v . -{"
“ N U fae,
.- i v, TR Do . N .
- . 3 - _._:» \ ' x )
K1 7,2 N ¢ "
", . ‘e ) o
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EXAMPLES: ', % o :
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-
. \ . 0

The figure below illustrates the proportions calc
table following gbe references for the two.extreme of:

5.

-~ PR

.1, and.area =

_ . 2
ated in the
area =
4 Y
h ]
L —
— 5‘ * ° L '

- Area=5.00
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Py =4.24
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The following table illust

Vo -~
.

.
.
-

to area tatios as a function of aspect ratios from 1' to 1

"ASPECT (WIDTH .- PER  APER PER/A
1x 1.0 > 1.000 4.000 ‘ 4.000
1 x 2,0 707+ 4,243 111 4.243
1x 3.0 577 4.619  .376 4.619 .
1x 4.0 -500: ° 5,000 .381 - 5,000 °
1%x 5.0 ~ 447, 5,367 ..367 5.367
L'x 6.0 « ~408 5.715 < .349 _ 5.715
(AREA = 2,0000 /
. ASPECT WIDTH PER APER | PER/A
"1x 1.0 1.414 5.657 2.828
~ 1x 2.0 ° 1.000 6.000 .158 3.000
1x 3.0 -, 816 6.532  .532 3.266
. 1x4.0 1707 7.071  .539 3.536
1x5.0 .632.° 7.589 .518 - 3,795
1x6.0 .577% 8.083  .493 4.041
" AREA = 3.0000 ‘
© ASPECT WIDTH PER APER . PER/A
- 1x1l0 ° 1.732* 6.928 2.309
1x 2.0 1.225°  7.348  .193 2.449
2. 1x 3.0 - 1.000  .8.0Q0, .652 2.667
LE4.0 . .86 8.6%0 . .660  2.887
1x5.0° 775 9295, .635" ° 3:098
1'x-6.0 -+ 707 9.899  .604,  3.300
-" > . .
AREA = 4.0000 : :
ASPECT WIDTH  -PER £.PER PER/A
1x1.0 2.000 8.000 2.000
2 . ¥
y. 1x 2.0 1.414 8.485 1223 . 2,121
\n 1x30 1.155 9.238  .752 2,309
1 x 4.0 1.000  10.000 .762 . % 2.500 °
''1x 5.0 894 10.7334 .783 2683 -
Lx 6.0 816  11.431  ,698 2,858 -
1 ' 4 .

. AREA"= 5.0000, g . o
. ASPECT WIDTH PER APER ~  PER/A |
1x 1.0 2.236 8.944 1.789

. . ' \"\'*‘- f .

1x 2,0 1.581 , 9.587- .249° 1,897

1x 3.0 ~ 1.29r  10.328 .84k 2.066

1x4.0 L.118  11.180 “.852¢ * 2.236

1'x 5,0 1.000 -'12.000 .820 - 2.400°

v 1x6.0 ° 913 12.480  :780._ 2,556
.‘ "'37 o N

¥

AREA = 1.0000

’ through 1 to 6 for dreas of 1 through 5.

'é@éLii()isr-'b

LOPER/A

Ll
.376
.381

.367
2343

~

°

APER/A

L .079°

. 266
.270
.259
247

¢

tes changes in perimeter and perimeter’

APER/A M

. . 064

.217
.220 ¢
<212
.201

APER/A
t v/

D56
.188

183" .

.183'
.174

v

&
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.4 GING ‘ :

: The type of glass 1nstalled in the w1ndow will determlne

.

. the amount of 'sunlight transmitted into the building's
- ’ }‘ » q 1 b
- . . .
interior and the ampunt of the building's heat.conducted

- . N
to the outside. These two factors will establish the

(‘_'v'\“ ”‘“ ?:'\ Y «@ g .
heat gafh of héat, loss thrOughkglass\for g1ven 1nter10r? TURE

LES

" and exterior climatic COndlthnS. Insulating g%pss,

¢ ' ' o PN
U YA . A
multiple glazlng_ﬁhtorq sash), and low-emissivity

& ot . . . -
] ) .
& .

- ; coatlngs are extremely effective at reduc1ng the con—

-t ducted he%7 flow through glass.' Reflective or t1nted . ; )
R ) glasses are capable of stopping much of the su;ilght'
';~. o ,h, Afrom'f}‘)enetratiné\i_nto the building. ‘Tu(seleetfﬁg - o .o
: . élass,,the'dr?eﬁtation of the windou, the.length.and‘ S

severity of the seasons, and the heat gain'from lighting, - ,

. Y . . ’ -~

) :
U equipment, and people must be cons1dered " For example,
-~ N P -
* 2
o ) clear double glass on a south exposure may be effective .
. L =~ . " ot °
W o T . . . Lo
* . for locgtlons with 1ong severe winters, while reflectjye Lo
’ S . ' I B GNP SUN
. N . . t . < Lo .
single glass may be appropriate for loocations with ' \, tﬁdgl$~
. ot R i . . . o '-.
e’ h : - ’ Py N e " .
long, hot summers. . N .
. ] Il * . R "
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I - MULTIPLE GLAZING/Insulation ) .7 .

- N . . N . . .

_ STRATEGY: <o . ‘ ‘ -
Lo Install 1n3ulat1ng glass and/or storm windows to provide an
. insulating air space(s), reducing comducted heat losses.

-
N '

. - . .
A ;

PHENOMENA : ‘ : “

.

. 4
1) Glass is a.good conductor of heat, be it indoor heat conducted
b " outward in the winter, or outdoor heat conducted inward in
»  «, the summer. The high conductivity of glass can be appreciated
g "+ Y when compared to another material. For example, glass, as a .
. material, conducts heat 9 times better than Plywood. This
rate of heat flow is so great that merely adding layers of
glass in Aontact with each other is of negligible thermal
.benefit. Howevetr, if the layers.of glass are separated by
air spaces, the path,6of conduction is 1nterrupted, and_the
rate of heat flow-is reduced. To traverse the air spaces,
. heat must be transferred by radiation and cdnvection.{

2) The width of the air space affects its thermal performance.
. . Up to approximately 5/8inch, the wider the air space, the
. ) ) greater the reduction in heat flow. An air space narrower
. "’ than 3/16 inch begins to be ineffective. Across such a
- " »«. short distance, heat is readily conducted by -the air. At
;s the other extreme, easing the-air space width beyond +
approximately 5/8 1ngﬂ§does not substantially reduce the U-
value below that of the 5/8 inch separation (although it \
can substantially improve the acoustic insulation) This is
. " due to.a wider space, allowing the air to circulate freely.

. * . lontact with the cold sheet of glass segtles, and a cyclic
. air movement is established. This moving ai¥ transports the ™
' _heat from the warm glass to. the cofa glass. The increased.
. " 'heat 16ss dué to such convection ctuirrents offsets the
’ decreased~1osses by conduction through the air. The net
E .- effect is shown in the following- graph of U-values for
) ' different air space widths. The upper three curves show the
combined heat ‘transfer for,gonvection and conduction for
e T three«temperature differences ac#oss.the air space. (54, .
Robinson pll) . . | ’

£ P _ /'

* e N . b

S o123 -

Air in contact with the warm sheet of glass rises, air in F
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2

)

_u=o05f

3)

4)

‘(ZA ASHRAE,p370)

' temp.diff.

- conducti onvection (°F)
condu.cﬁorz & cenv : \ L)

. \_
- - 130
N i . 10

— - -

T \\s . conduction only
' - §§§J:

1/2 1 2 , -3
Width of Air Space (inches)

Figure 31. U-Valved Insulation Glass

vs. Separation

~

-

Three layers of glass separated by 'air spaces are-more effec-
tive than two separated layers of glass of the same overall
width. Triple glazing with two 1/4-inch air spaces has-a
U-value of 0.47 compared to 0.58 for double glazing with a
single 1/2-inch air space. (74,ASHRAE, p370) Installing storm
windows over' double-glazed windows is another means of
achieving trlple glazing. . /
The mix of gases in thé air space affects the ratp of heat
transfer. For example, heat flow through an 1nsulat1ng glass
unit (in a 12-mph wind, an outside Temperature of 28° F'and an
indoor temperature of 70° F) will be reduced 14 percent when
the air space is filled with Krypton. .. (75,Berman,p33) As

_ much as an 18- to 20-percent reductlon in U-valuye may be

possible w1th carbon dioxide. (75 PRITSKER)

The heat absorblng and radiating characteristics (charac-
terized by the termed emittance) of the two surfaces of glass
facing toward thesair space will affect the rate at “which ‘heat
is radiated across the caV1ty A coated film, suchwas tin
oxide or indium oxlde, or pure metals, such as’gold, silver,
or copper, applied to “either of the glass surfaces facing the
cavity reduce the heat transfer by rediation. Examples of ‘the’
effectiveness of gychscoatings is given in the following table.

o 2

L}




o

- 0.29.

6)

v

7)

V2

Type of Insulating Glass Winter U-value

(1/2" dir space) \ i .

i effective emittance = 0.8 (untreated). . . 0.58
erfectiwe emittauceré 0.60 . . .on . . .‘.; Ql;é' = °T
effective emittance = 0.40 . . . . . ¢ .‘. 0.45 .
affective emittance = 0.20'. . . e e . .. 0.38

. - < . \ :/
Note that the U-value for glass having the lowest emittance .
,Lcoating is comparable to uncoated triple glazing separated by
two 1/2=Inch air spaces (U = 0.36). (74,ASHRAE,p370) '

Reflective coatings applied to the inside surface of the outer
sheet can also reduce the emissivity of the glass surface and,
hence, reduce the radiation across the air space. A highly
reflective glass can thus reduce the U-value to as low as

The benefit of such goatings in reducing“winter heat conduc-
tion outward must be :balanced against a losé in daylight
transm1ttance and loss of natural solar heatlng and 1llum1~

: natlon. - *

/

. \

Too great a difference between body temperature and' the
temperature of nedrby 'surfaces results in . high rate of
radiant heat loss and resulting dlscomfort. A study in
England indicates that people in a room feel uncomfortable
near surface$ having a temperature 8° C _(14.4° F) above or
below the average temperature of all other Ssurrounding sur-
facesak (75,McIntyre,p6) Because the heat fléw is substan-
tially reduced, the inside-surface temperature of insulating
glass is much, closer to room temperature than is 'the case with
single glass, and so discomfort nea¥ windows is alleviated.
Thié”benefit is also realized with storm windows. ‘

In the summer,‘multiple gla21ng‘reduces the amount of heat
conducted from the outdoors inward. The“U-value for, summer
conditions is slightly -lower for. single glass, and h}gher for
insulating glass, due to changes in'air<space convection at
higher temperatures, because a lower wind speed is assumed.
However, multiple glazing reduces the amount of.sunlight
transmitted. Because gla§s is not 100-percent transparent,
some, of the sunllght is absorbed and converted to heat within
the glass. This heat is then dissipated to the air at both
sutfaces of the glass and. rad1ated from both surfaces. The -
‘heat which is d1551pated to the outdodrs is heat with_ which

the.air conditloning gystem never has to contend. s,
“ . - ¢
, \
) N ;43 ..
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ADVANTAGES : -

1) Reduced conducted heat loss in winter, both during the might
and during the day, when the,window can perform as a solar
. collector. ,
2) Slightly reduced solar transmission and hence slight reduction B
in air conditioning load. :
~
3) Improved winter comfort. The inside' surface of the glass is
closer to room temperature, $o it is no longer uncomfortable
to be near the window., . v
4) Elimination of condensate or ice forming on the glgss except
, in extreme weather. : )
- 5) Redueced sound transmissionf (75,Sabine,p.27) !
6) Reduced infiltration possible with storm sash. * - .’
* ‘ [ .
DISADVANTAGES: o . y
1) Greater weight compared to single glass windows. The' two <
’ layers of glass make the window neaTly twice as heavy. This
makes 1nstallation more difficult and rempval of sash for
éleanlng more awkward. . - . ) : 3
\ ’ ¢ ‘ )
2) Un51ght11ness, if the seal becomes leaky condensate will form
. qQn the ’inaccessible glaes surfaces within the air space. -
(Manufacturers guarantees against such leakage for a specifled )
period of time. ) < ”
® % 4w ) = ' ’ ’
; k)] Replacement of brokeén glazing is more “costly and time consuming
- when non-stock-sizes necessitate spetial ordering. oo
‘ T o ’ - s
: N : G4 . :
é‘ ’ o/ -,
A

. Shading coefficients ar

“ to be as low

©

.reduced by u51ng r

-

]

heat transferred to t
sheet glass (of doubl
comparison and hence’
shading coefficient o
glass is reduced to

he/ interior. The performance of single
e/strength) is used. as the basis of
s a shading coefficient of 1.00.. The

pproximately 0.90. °This can further be
ective or tinted glasses in the outer

A

a relative measure of.the total solar

a window with a storm sash ot imsulating

Fox”

ample, heat absorbing glass could reduce the °

glazing.
shading coefficient’'to 0.56. (74,ASHRAE,p400) If the outer

sheet is reflective glass the shading "coefficient is reported
4s 0.17. (75,LOF,pl9) -

———
.

~ _
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4)

5)

- - ¢ ‘ N )

No reduction in infiltratioh by installing insulating glass,

as contrasted to installing storm-windows, which provide an -

additional layer to resist infiltration. - .
Increased likelihood of thermal breakage due to the higher
glass temperature in the presence of sunlight. . (Manufacturers

. recommendations for installation must be carefuIly adhered.

AESTHETICS:

1

- Triple glazing

to.) N ) :

L
o

The presence of insulating glass instead of a single pane of
glass is néarly indiscernable visually. A’storm sagh, if the
frame is the same color and is congruent with the underlylng
window, is. unobtrusive but does reduce the setback of the
glass on the facade. ) - N
Low emission, heat absorbing, or reflective glass ‘used in the
outer sheet of insulating glass changes the light transmission
characteristics of the window. Variou¢ tints may be speci- -
fied, ranging from grays.to brénzes, The visual and other
effects of these glasses are discussed more completely in the
section on reglective glasses.

N .

$C ~

___ The following is a comparison of glazing costs based ‘upon

estimatesa' ashington,”DC, area, for small quant1t1es
without installation. .
Y

Single glazing 3/16" thick $l.00/ft2

a2 ) Y ¢ .
Double glazing 5/8" overall $4.50/ft2

. T e : . :
Storm sash H B ' ) )

Prime window - ) 3/16" thick $1, OO/ft:2

single strength $2.00/ft

Storm sash with frame

Prime window . | 5/8% overall 9 "
. Storm sash with frame single strengtp $2.00/ft -

v

st Lt . ~$6050/ft

$4. 50/ft' : ~

t




\* _EXAMPLES: -

1)

“.difference in glafxngpcosts‘when multiple gla21ng is speci-
£

‘frame, sash, and Jazlng 1ngreased in prite approximately 25

w|

- ! ¥
> \ \ g .

It should be noted that alfhough there is a substantial

fied, the cost o
Portionally.

the total window does not increase pro-

Typically,‘a total window unit consisting of y
percent for doubl& versus single glazing, and dpproximately 45

percent for triple versus single‘glazing.

* g /_—\'\ * .
! v - 4 (.,‘

i
-
' »

A stuﬂy by the Edlson Electric Institute indicates that a

typlcal well-insulated, all—electrlc, ranch style house could . \
save 3,266 kWh of electricity with 1nsulat1ng glass instead of

single glass in a climate area such as ‘Indianapolis (5,611 .
degree days). At an electric rate: of $0. 04/kWh, this amounts

to $130.64. per year. This represents savings for heating

costs only. (76,PPG,p4)\ ¢ . .

a

-
3

‘A ‘computer study of two Fairfax County, Virginia, schools
indicates a 13-percent and'l0- percent savings for two bulldlngs
‘reglazed.with insulating glass. (74,Griffin, p67)

A,study in Sweden calculated the energy savings from triple
gla21ng compared to double.glazing. The study was based on

a hypothetical office.module with other offlces above, to

the sldes, behind;, and beloy,

The glass area was 2.24 m?

(24.1 ££2),

to 1600 hours.

The office was occupled by two peogle from 0800
Their heat output combined with* electrical

.equipment was assumed to be* 300W.

Ventilation was supplied at

a rate of 80 m3/hr (2825 ft3/hr)

23° C (68° F).

The following table su
daily energy saved,

R00$gpemperacure is kept at’
arizes the average
triple versus double glass.

w,

(75, Adamsvh,pll) . . -

>

re
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\

v .

Orientaticgtxi' &@ge KWh for N Energy Saved -
D\ _double triple kWh/yr kWh/yr
per-window .per mZ (ft2)

o North" . Malmo 3490 3290, 200 . 89 . (8.3)

o ' Stockholm 4140~ 3910 230 103 (9.6)

~ Lulea 5880 5550 330 147  (13.7)
. v . -

T East’” *©  Malmo 3110 2940  >170 76 (7,1)

NNy L Stockholm 3770 ' 3570 -, 200 | 89  (8.3)

mypdrm—————_ " . Lulea 5400 5120, 280 125  (11.6)

e LT R LT 1 . .o - . .

\ . South Malmo 2650 2530 120 54 -(5.0)

A\ Stockholm 3320 3150 170 76 (7.1)

n g W Lulea 4950 . 4710, 240 107 (9.9)

: Note: Mglmo:. 6,900.degree days.

REFERENCES:

»
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. 42 HEAT-ABSORBING GLASS/Shading, Solar Heating '

. ‘ ; . . .
STRATEGY : * , N - '
- ’ f.’ .
Install glass which absorps more solar energy th_T clear glass to
reduce solar heat gain. ’ .
'-) > »
- B ) L
PHENOMENA: N ", ’ ) "
. U
, H
1

Visible light represents only a part of the total®.solar

radiation. Solar energy at sea level is comprised of
approximately 3 percent ultrav1olet

!

53 percent infrared energy.’

44 percent visible, 4nd

(74, RSHRAE,p387Y

All of this

energy, when absorbedh is converted to heat. Therefore; it

is the amount of total solar energy transmitted which deter-

- mines the amount of heat gain, and the amount of visibl®
light- transmitted which determines the amouht of illumination

provided. N

e - .

2) i

Adding .a metallic oxide to the ingredients of glass during

-
. - 1its manufacture increases its absorptivity of visible and
. near infrared solar energy.

The greater absorpt1v1ty occurs °¢
in the nearrinfrared range. - This characteristic distinguishes
heat absorbing glass from glass which is merely tinted.

(73,LATTA,p6l) 'This is an advantage in that the visible .
light from the sun provides 1llum1nation which must otherwise
be,prov1ded by more heat intensive electric lighting.
3 - The ‘solar energy absorbed by the glass becomes heat which 1s<
.radiated and convected to'the outdoors and -indoors .proporg,
tional;go the temperatures,'air movements, and the surface

characteristics of either side of the glass, ( if different)
Unfortunately, on a still,

sunny, summer day more heat is
dissipyted indoors because the air conditioned building

1nteri r is cooler. Conversely, in the winter more heat {is -
dissipated to- the outdootrs because the outside .temperatures
are lower than the inside temperature.. .The following figure
shows that heat-absorbing glass is an improvement over s ngle
glass.but still admits much of the summer. suns heat. Th (
percentages given in the figure‘are for an example case and
“will vary as the sun angle varies. (GE‘Ulrey,plGS) ‘

. -~

. -
’

-
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’ /.. ) 100% " g - .
< o ' Incident -. ’ . )
" 100% “Energy - — B
Ingident . . ,
Energy : ) / © 82.3%. )
v e :
. . Transmittéd
7.4% ! " a
: 46.2% T Reﬂ?cted I i ) -
5.3% Transmitted - : ? ] -
‘Reflect E A ) 2.1 % . ' A 5.29%0 '
- eradiate Reradiated .
24.2% ?* Reradiatetf” - | V4 I
Reradiated — " Admitted
N . Y 70.5% Total . >
! ' Admitted | L
" Figure 32. Solar Energy Transmission Through Heat-Absoring o
‘ "Single Glazing vs. Clear Glass (SUMMER) - . a
‘o . . ® — n ‘., B . ‘6
3) VWhen heat absorb:f,ng glasgg@is usedr as ihg‘l outer shect of N -
glass in double glazing, its performance\is substantially “
improved compared|to its use a§ single: glazing. 1In order
. for-the heat in the glass to-enter the building it must
first bridge tlle trapped ait space by radiation and n
convection, be conducted through the'inner sheet of
glass.,, and .then be radiated and convected info the build- .
ing interior. ,Mor1e heat will be dissipated to the ‘out-
side air which is Hin direct contact with the heat absorbing
glass. Furthermore, the outtward rate of heat dissipati.on . .
greatly accelerates .if there is any wind, (73,LATTA,»60) » -
| . . .
' 1/4” Heal-Absorbing Glass . ' g
incident Solar e e Lo
Radiation/ — ST 1742 Piate Glass
\ 7 N “o Y L. " - .
\~O g .
” ’
"/—l \ ,@ e -
- ' . ™~
' 7% Reflection’ / Al ) o £ '
, £5% ,Sr(;nsmls‘smn 38% N ’ . )
-~ {Absorption vl : -
N * Reradiation and Convection . " -
o Ad% ; 11% % ’
& 2 6% )
* Rejected &= -Admitted “
~ © U B1% “a ' 49%
Figurd 33, Sola:AE}ergy Transmission D
' Heat-Absorbing Insulating Gldss B . <
e * ) , N *e Sy *
- © g 4-10 n .. .
¥ 232 "
. ’ = i ’ ’_. ‘ * (
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The folloﬁing tatistics are examples of the performance -
.* of heat-absorbing glass in single and double glazing
configur@:ions as reported by one glass manuf¥cturer,

(75,LOF,pl9) Exact values will vary-depénding *on the N
composition of the glass. : N ” \
» - * * . 4 ’r - -
PERFORMANCE OF HEAT-ABSORBING GLASS T T
GLASS * . VISIBLE TOTAL " SHAD. ,
I _TRANSM SOLAR - COEFF., —
. TRANSM T
1/4" CLEAR ~ 88% ST 0.93 oo
/4" HEAT ABS. 75 - 4T '0.70
1" CLEAR INSUL. , 717 B 59 0.79 -
. = !
1" HEAT 'ABS. INSUL. 66 ‘ 36 0.56

L

If heat-absorbing, doubl@iglags is installed in a revyersi-
ble sash, the heat absorbing 'sheet-of glass cah face the
outside in summer to dissipate heat outward, then be
reversed in the winter so that "the heét—gbsorbing glass
faces the inside dissipating its heat into the building.

The effectiveness of this configuration could be even =
further increased by providing closable vents above gnd
below the heat-absorbing glass. In the winter, durling

the hours of'sunlighq, the vents could be opened to
circulate the heated air between the two sheets of glass
into the building interior, fhen .closed at night to

preserve the insulating valué of the air space. In the
summer with the sash reversed, the Eeated air between the
glass sheets could be discharged to the outdoors further .
reducing the amount of heat which enters the building.

The following diagram illustrates the effects of seasonally
reversed Ssash, ) -
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6), Since sunlight absorbed in heat-abscrbing glass almost

» - 1immediately raises its tempeérature, the time lapse

7 between window exposureuto ,sunlighit and room temperature
. rise is very short. Alternatively, with clear glazing
"~ most of -the sunlight is transmitted through the window
and absorbed by the walls, floer, and furniture within
. the room, Thus the room temperature rise is delayed.
* while heat from the transmitt sun is absorbed into the
mass of these objects. (See STRATEGY: . Thermal Mass)

- .

7) -€losed draperies, roll shades, or blinds can reflect

) much of the sunlight which- has- penetrated heat-absorbing
glass back at the glass. This double exposure of the
heat-absorbing glass to sunlight, substantially increases
the glass temperature. Similarly, when heat absorbing
glass is used in double glazing, the inner sheet of

clear glass reflects part of the sunlight ‘back to thé
outer” sheet of heat-absorbing glass increasing its
temperature. These high temperatures create large

* stresses within the glass,

f
.

1) Reduced summer solar heat gain largely by absorption of
non-visible solar radiation and to a lesser extent®by
absorption of visible light which provides illumination
and view.

4-12 ) : A
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DISADVANTAGES: {

1

2)

-3)

AESTHETICS:

1

r

2)

3)

T ) b
— - .
Reduced fading of fabrics due to greater absorption of
ultraviolet solap radigtion compared €o clear glasg.

. . N «

-~ - -
Winter solar collection, suriier * solar ,rejection with

‘“reversible, double glazed sash with clear and heat-

absorbing glass ‘and provision: for operable venting at
the top and bottom of the sash.

’
; -

M/ . -
i - L. ¢ - ' .
. - T

Partial dissipation of heat to the indoors in the summer
and to the outside in winter when heat-absorbing glass
used in 51ng1e glazing . . .

Possible breakage of heétfabsorbing glgfgiwhen.drapes or
shades dfawn in_the summer. The strength of the glass

at the edges is especially éritical in such instances.

» .
Increased temperature of glass increases radiation of N
heat which increases 11ke11hood of dlscomfort for occu- -
pants near windows.- :

= . ) -
Whlch of .thé many available metallic additived are added
to the ingredients of tHe glass during its manufacture
determines the tint it will have. For example, iron

oxide imparts a bluish green color. Nickel and cobalt
oxides and sel€nium give a gray or bronze tint. (75,
Architects Journal,pl?263) ' The designer- must’ consider

both hOW‘thiS tint will alter the colors of the building_ ~
interior and, how the gl&s color will harmomize with

the other colors of the building exteriot.

<

The view out through heat-absorbing glass is dlmmer than

) tﬁrough clear glass but brighter than many of the reflective °

glasses. '

The thickness of heat-absorbing glass will,-affect its
color since the' tinting is caused by an ingredient _ .
dispersed throughout the glass ™ rather than occurring’
only at the surface as with reflective glass. .This .
means that if various window sizes dictate different
glass thicknesses for reasons of strength, the color-
density variation as viewed from the outside, and the’
brightness varjation as viewed from the inside, must’ be
considered in the architectural composition, otherwise. .
the thicker size should be used throughout.

3
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COSTS:
1

Heat—absorbing glass costs approximately 1/3 to 1/2 more
clear glass, -

EBMPLE:

-

«?5*‘*
The effectiveness of heat-absorbing glass,,though superfor to
clear glass in many, instances, is generally inferior to
reflective glass for the purpose.of shading solar radiation. v
The following study done in Switzerland compares 'the perfor-
mance of single- clear, single heat-absorbing, and double
reflective glazing’ﬁith plastic draperies, Six- eouqh—west
facing rooms comparable in every respect were used in the
'study. Each room had 146 %q. ft. of floor area with a 9.25
€t. ceiling height, 102 sq. ft. of outside-wall area, and 46
sq. ft. of window arga divided between two windows (approxi-
mateiy 50 _percent window to outside wall ratio):. The outside
air’féﬁﬁezgieﬁe ranged from 20 to 23°C (68-74°F). Avérage
Yodm air temperatures and inside glass surface tempergture
were regorded for® September 10, ll and 12 ‘of’ 1969 (74,
Granjean,p206) -

+ <
- [

-Glass T ' Roam air ‘temp, . Glass temp.
— —

Clear _ 0 29.9° - 35.4°C _ . .35.8° - 39.6°C-,
. ~~— v .‘(860 - 96°F) (970 - 1_.03°F) -
. e e ) ) dev
Heat Absorbing .  28.7° - 32°C 38.3° - 48.2°%
(84° —-90°F) (1o1° - 115°F)
o X

Double Refletive 2352 27°¢c . C24° - 34°C
- . - (76° 5 81°F). (75° -~ 94°F)

: The performance of tﬁe’h§§%—ab§orbing glass would be better®
if it were double gla%ing as was.the case with refledtive
glazing, The room temperatures would be.less extreme in all
cases if the building had more thermal mass (tHe building
‘studied was-light-weight construction)’ = Fpaw 2 277

. - &

-
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43 REFLECTIVE GLASS/Shading _

N STRATEGY: -

Install glass with a reflective surface to reduce summer
solar heat gain.

PHENOMENA : . . A .
\,‘ ° .
1) Solar énergy striking a window is either reflected,-

. absorbed, or transmitted. By increasing the amount of .
solar energy reflected, the amounts absprbed and trans-
mitted are reduced. Solar energy absorbed in the glass,
or transmitted and absorbed within the yuilding, becomes ,
heat. Reflective glass, by increasing the amount of

N solar energy reflected at the window, therefore, reduces
. the eventual.air conditioning load withip the building.

2) Reflective glass used as the outer sheet of insulating
. glass is more effective at keeping out the sun's heat . -
] than reflective glass used as single glazing. This is >
due to the fact thgt reflective glass absorbs more sun-
. light than clear, glass and its temperature rises. When
this heat is concentrated in the outer sheet of insu-
lating glass it is more easily dissipated to the outside
air, especially if €here is a breeze._  Additionally, the
‘trapped air space acts as insulation-impeding the inward
flow of heat.. The following table illustrates the
effectiveness of reflective glass used as single glizing
and as the outer sheet of insulating glass compared to
the pefformance of clear single and double glass.
(75,L0F,pl9) , . o
P .

TYPE OF GLASS

VISIBLE
TRANSM.

TOTAL

SOLAR
“TRANSM.

SHAD.
COEFF.

1/4" clear single

1/4" gray reflective single:

1" clear insul.

1" ‘gray reflec. insul.

.

88%
34"
L 77

30

i o= = rperses

4-17
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A

7%
36

59

29

v

0.93
0.60

) 0.79
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The importance of the reflective coating or film occuring

3)
on the outer sheet of insulating glass is illustrated in,
the following figure. (73,LATTA,p60) . ’
. 1/4" Plate Glass
Incident Solar incident Solar 1/4" Plate Glass
Radiation
Radnatt)n / / tlng\\' N N I;%Ieflectmg\
Q : Film . O im
7 // o 7 ’

,;/\

33% Reflection

YTransmission 16%
3% ¥

o .
Transmission 16%

‘ 48% Refiection 14%
48% Absorptlon T h22%, Absorption\\J
- 450 Rerad:atlon and Convectlon 6% 23% Reradiation 1a(r);)d Convection 13%
Rejected « Admitted . Rejected . Admitted
>89 22% 1% 29%.,
Figure 35. Effect of Film Location '

on Heat-Gain ’

The use of “certain types. of reflective coatings on one of
the sheets of insulating gldss can reduce the radiation

of heat across the air space and hence reduce winter heat:
losses. The winter U-value.of clear 1nsulat1ng glass . :
with a. 1/2 inch air space is 0.58 versus as low as 0. 8
for insulating glass with the outer sheet of reflective
glass. (76,PPG,plS) (See STRATEGY: Applied Films.)

4)

ADVANTAGES :

1) Reduced summer solar heat load.

.

] 2)

by

+. Reduced likelihood of glare.

~

32 Reduced heat loss in the winter for certain types Qf
. reflective glass.

[y \
4

¢ DISADVANTAGES:

4

2 o ¥ 3

1)

Decreased trahsmitted solar ‘energy in the winter and
decreased daylight illumination year-rdufd.

4-18
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.o . vandals, storm damage, or other causes. (Also t{pe for

~ N : . ..
N . - ‘ .
2) Care required to avoid scratching refleqtive,coat{ng when
washing windows. ‘Reflective single glazing frequently
has the reflective coating-on thg‘inside surface of the

glass. - .o

-

3) Caution required in selecting.a sealhnt ‘to avoid problems
due to lack of bonding with reflectrﬁe coating of the -
glass (Single glazing only.) N LN

.

&) ,IncreaseereplaceMent cost in the event of breaﬁage by -

°

insulating glass and. heat-absorbing glass.) . by
- bi‘ 4

) [°5) Cautlon required in detaillng the sett;ng of refle¢t1ve -

AESTHETICS: S ‘ ’

LRIC-

® -

glass po.avoid thermal breakage. The higher solar
absorptivity of reflective glass compared to slear .glass
results .in higher surface temperatures, #specially with
insulating glass. If the glass is installed in a massive
- matérial such as concrete, the slowness of the concrete
. to heat up in comparison to the ‘glass when sunlit will
result in extreme center to .edge temperature differences
and edge stresses in the glass. One means of reducing
these stresses is to seat tlie glass in a rubber gasket.
- The rubber serves as an insulation which reduces the
conduction losses at the edge of the glass and allows the
edges to be closer to the temperature of the center areas
of glass. It is also extremely important that if glass °
must be cut in the field, spec¢ial provisions be taken to
insure a clean cut edge. (See Manufacturer's literature for
instruction cutting glass) . - :

t

-

-
£

. . : . ] . ’

l)-. Because an outside v1ewer looks at,reflectlve glass °

R rather than through'lt distortion is more critidcal than
is the case with clear glass. Trees and clouds, because
‘of their soft geometry is less problematic than reflec-.

A‘\ tion of adjacent buildings. - Full scale mock+ups on the

site are worthwhile for studying the visual appearance of
reflective glass and whether distortion 1s bothersome or
not. (77,Skolnik,p93) . C3

v, . >

VZ)“ A reflective glass building may create glare for/fhe

occupants of adjdcernt buil®ings as well as pedestrians
and drivers. . v
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3) Reflective glazing of isolated individual w1ndows may
appear awkward. Reflective gla21ng tends 'to be mor
‘visually effective in expanses, either as a series o ‘
windows in continuous-band, or a single large area. -

4)  Where the fenestration carries around & corner or. occurs

on opposite sides of narrow parts of a building, sucH as

elevator lobbies or bridging corridors, building the

transparency achieved with clear glass is not possible
.- with-reflecting glass.

5) Reflective glass darkens the view out by virtue of the
reduction in light transmission. Colers may also tint - -
the view as in the case of bronze or other tinted reflec-
tive glasses. This darkening of the view and slight C
tinting are not likely to be distracting unless a window
with clear glass is in the wvicinity, or unless the coated
surface of .the reflective glass is scratched )

. - .« e
.

COSTS: e (\, U ¢ :
EXAMPLE: - : : -

. . -
[3

., In the design of 'the Teledd Edison Buildihg the architects,
! along w1th the glass manufacturer, conducted a detailed computer
study of the’ effects of a variety of glasses on the buildings'
conitruction and operating costs. They selected a chromium-+
coated, dual-wall insulating glass-which increaseg
cost of the glass by $122,000 compared to cogwehtional 1Y4"

.

However, offsetting this first cost\of thd glass. iwas a sa ings
of $123,000 in initial costs for the heat
equipment and ductwork. (A 64.7 perdent{reé on in the
capacity of the central refrigeration systé 3.2 percent,.
. reduction -in the capacity of, the centra ating equipment and
. & 67 9 percent reduction in the capacity\of/the distnibution = .

to be 729 4 kilowatts per hour which translates to a savings
in,yearly operating cost of approximately $40,000. (73,NBS,p84)

14y
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STRATEGY :

e 3
- \a

« Apply a reflective or low—em1§31v1cy film tp the inside surface
of glass to reflect sunlight back odp}a window but let the view

- | A
APPLIED FILMS/Shading; Ihsulation , - '

in, . N
. -~ . \\\ A' -
. v 4 ’ B
PHENOMENA: | . i \ ' .
~ X .
1) Met\ixg oxides deposited on transparent plastlc films are
zZivalla le which reflect much of tHe incoming solar energy
- . ‘while séxll permitting a view out. The shading coefficient
Tof such,reflectlve films can be as low as approximately
.0.24. N '
N - .
2) Other types of“f{lm coatings are available which increase
the window's reflectivity of room temperature jnfrared heat
yhile only minimally reduding the window's transparency to °°
\ the beneficial incoming solar- energy. Thé net effect of ° ~
such "low-emissivity" films is a reduction in the winter U-
v value of the window from 1.13'to as low as 0.74. (75, » 8
Berm.an,p61> -\ | \
3) -Solar reflective films and to a lesser extent low-emissivity ©

., films have the dlsadvantage of reducing the beneficial

.aspect of incoming solar energy in the winter,

The follow1ng

table illustrates the seasonal benefit (+) or detriment =)

emissivity or reflective films in a southern and northern

of. single glazing compared to g1321ng ‘with applied Tow- s

__city..

(75, Berman,p64)

. WINDOW ENERGY DEMAND BY ORIENTATI

a

L 3
(KBTU/SQ. FT.)

4
. CITY \ NORTH

14

3

r

<

ST - SOUTH WEST
- Wnt; Sumr -Wdtr Sumr Wntr Sumr Wntr Sumr\
' \B Dallas - ’
No Film =24 _ -95 +26 ~156 +102 -118 +26 -185
Low-emissivity —7gg -80 +35 -135 +107° -101 _+38 -161
Reflective T o=ber -4 -33 .-56 --14 -46 -33 -63
New York I
No Film - -84 =43 -38~- -76 +29 -59 -38 -81
Low-emissivity = -43 -39 -2 "~ -68 +58 -53 =2 -73
Reflective -105 =11 -93 -19 =76 -15 -93 -20
4-23 ’ .
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ﬁrom the table in the previous paragraph it is evident

that the annual energy effectiveness of low-emissivity

or reffective films will be very dependent,0p whether air

conditioning or heating is dominant, and which direction
,,a window faces.

Due to the dominance/of air condltioning in Dallas ‘reflec-

tive €ilms conserve energy on north, east, and west-—

facing windows while in New York may be are only minimally
- conserving for these orientations. 1In both Dallas and

New York reflective films would appear to result in

increased energy consumption wheﬁaapplied to south-facing
+ windows. . . .

a

Low-emissivity fllms appear to be more energy conserving
than no film or reflective film only 'on south- fac1ng
windows in Dallas but on all exposures in New York.

*  ADVANTAGES: ' , ' K

1)

< ' . °
v
[y

Reduced summer solar heat gain with reflectiwve films.

2) Refuced glare without obscuring view. . N
’ 3) Cah be applied to existing windows. " ’ .
. . PR .
L} 4)  Reduced fabric fading. .- .
i 5) Reduced winter heat loss- with "low—ngssivity" films, -
= 6) May hold glass ;ogether in eveqt of shattering (if film’
‘thickness adequate). »
i ' %
DISADVANTAGES:
i? Reduced benefit of daylight and solar heat gain in winter
- with refleetive and to lesser extent selective filwms.
_;f . 2)  Replacement of film is costly, difficult, and likely to
T be required after niné to twelve years, )
3) Additionél care requifed in washing to avoid scratching
- surface 'of films whicheare softer than-glass. .
4) . Reduced effectiveness of selective coatings when applied

!

to single glazing because the need for abrasion resistanb%
necessitates a protective coating over the selective /
coating. . .

.

4-24




™
5% Possible.cause of breakage when installed as a retrofit

*,  item. .. (See dis;gvantage§ listed under Strategy:,
‘Reflective Glass)

N

- AESTHETICS:

’ - -
., .
K4

. , .
1) Reflective films require the same aesthetic judgment as
discussed in the strategy: "Reflective G%ggﬂﬁah;,. ?

2)  Selective ‘films may impart a slight tint to the outside
view. o : '

.

-
J
.

Reflective films cost approximately $0.40 to 0,50 per
square foot depending on the properties and quantity
specified, Installation ranges from $0.70 to 0.90 on the
same basis. (75,GSC,p9) ) -

Low-emissivity films have not been.used as widely in
window ‘applications but the product is commercially
availgbie. A polyester film with-a gold coating is one
potentially effective product cutrently marketed by at
least two manufacturers for other uses. The price is
approximately $1,20/square foot. (76,SierracIn,pl) o
(76,Levy,telephone)

N '

A reflective film applied to windows in an office building
in Silver Spring, Maryland resulted in a 50 percent
reduction in the air.conditionihg load. The average air
conditioner operation cycle was reduced for 24 hours per
day during peak summér periods to 12 hours per day.

Winter heat loss reductions were algo observed but not
quantified. (75,Groves)

A five mil, polyester film with a coating® of gold is
currently available which transmits up to 80 percent of
the visible light but reflects over 95 percent 6f room

temperature heat back into the room: The material is
rrently being marketed for space suit visebs and ski
les. (76,Sierracin)

il
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45 ) REDU&EDGLAZiNG/InsuIation,Shading . ' —

L v

" STRATEGY: -. : - . .

.
. . - -
L -
. . < ”
.
.

Reduce.the glass area in.the wall opening by substituting an
insulating panel “n a portion of  the window. \

s .
x T —
[ . \
o -

PHENOMENA: Lo e ot ¢

1 Single glazing has a U-value of 1.13, double g1a21ng ‘
approximagely 0.58, and opaque, insulated panels as loy |
as 0.10. 6 PPG,pl8) By replacing part of the glass
with an opaque, insulated panel the outward flow of heat
in the winter is reduced. Afso, air conditioning costs
may be lowered due to the reduced admittance of sunlight,

P
2) The benefit of reduced outward heat flow must be compared .
against the loss of beneficial winter solar heatpand

beneficial daylighting. Opaque, insulated panels might

be beneficial on north- fac1ng windows but detrimental on

south-facing windows. Climate and orikntation are impor=

tant factors. N
3 Opague insulated panels are commonlysdnstalled in ‘the
upper section(s) of windows. The high portion of a .
window provides the deepest penetration of daylight into—*
a room. Thus, the panels not conly reduce the amount of
glass area admitting daylight but also geduce the depth
the daylight penetrates into a room. Heat loss reduc-
tions must, consequently, be considered against .the ; v
possible additional cost of continuous as opposed to
periodic use of electric lighting. -

ADVANTAGES: | | .

. g <

1 Reduced heat loss -in winter, sunlight transmission in

: summer, . _ .i
’ i - ’ \
2) Reduced window .area to wash and maintain,
S . ~ ié,iii
DISADVANTAGES: . jz( . -
Yo T
—_— - {‘}/

\ 1) , Reduced winter solar heat gain, —

-

-4-27
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A\

P

; S )
¥ 2) . Reduced amoynt and penetration of daylight.
i Y "'« 3) Possible loss of means of ‘egress during fire.
- .- . : ' <
3 « ) M . %
oo AESTHETICS: v - ¢/
{‘\ ‘: "’%; . 'V\-/{ . o’
L. 1) Reduced view of outside. The sky portion of the view is
: , cut when panels are installed in upper window sections.
’ 2) Introduces another material to the facade.

< 3) . Ghanges the perceived proportion of windows.

- COSTS:* ‘ 4 S -

-

N Dind )

g , -
. " An insulaggéc opaque panel\gdhsisting of a sheet of heat
strengthened glass with a ceramic cplor fused to the rear
.surface, and backed with one-inch fiber glass insulation and a

e ‘ foil vapor barrier cost approximately the same as clear double

&

- glazing. Aluminum or enameled steel clad panels cost approxi-
mately 30 percent less than clear jnsulating glass. (76,
. Hiltman) : . . ) o 3
3 ” — - «
LY
i 3
A EXAMPLE: _

- ‘ ———— “\ r\\

A school*in Big.Fork,%ﬁinnesota was expanded from 47,000 to
63,370 square feet and new windows were installed in both the
new wing and throughout theé original building.” The new window
units consisted of a reduced glass area glazed with insulating
glass and an insulated porcelain panel in the top portion of

the window. As a result-.of the installation of the new windows,
the total cost to heat the 63,370 square feet with new<windows .
i:g}oyer than the cost of heating the original 47,000 square - -~
febt of school with old windows. (74,Sandstrom,p58) The
following photograph shows the new window gsystem with insulating,

. opaque panels Tn the upper portion of.the window. (76,Devac,p4)

r~

N »
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5
Aruitoxt provided by Eic:

-

-

DeVac, "Devac Windows Cut This Buildings Fuel Bill,34 Percent"
Devac Window Co., Minneapolis, Minn. 5.8

Devac, Inc., 10130 State Highway 55, Minneapolis, MN 55441

0

Further analysis is required to separate the savangs realized
by the insulated porcelain panels from the savings .accrued
from the more air-tight frames and double glazing., However,
the freqﬂency of outside temperatures of minus 20°F and below
in Big Fork, Minnesota suggest that the conduction "losses of
the glass are not offset by solar heat gains and therefore,
the insulating panels used to reduce glass area contribute to
the lower operating costs of this particular school. In less
$evere climates orientation is likely to be a ezitical deter~

minant of energy savings or even losses realizedS{rom replacing

glass with opaque nnsulating panels. PR

° . \)"
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46 GLASSBLOCK/ Insulation, Solar Heating, Daylightir;g

A

\
STRATEGY: .. : . ) ( !

-

3

Install glass block to admit SUnlight and daylight\with
minimal building heat loss.

°

LN e ‘
. ’

' N : ‘
PHE OMEyA . ] -

¥
¢« ~e 3

- L[y

s 1) Glass blocks are hollow, -masonry units molded in two g
halves which are then fused topether at a high tempera-
ture. When cooled, the permanently sealed air becomes
exceptionally dry preventing condensate from forming !
within the cavity. This~air space results in glass
blocks having.a low U-value, et admittlng approximately
50 to 60 percent of the 1nc1de t solar energy including:-
78 to“84 percent of the visible light. (64,Ulrey,pl75)

4
2) The larger the biq&§:£ace dimensions the lower the U-
value is., This isdue to the*fact that the larger size -
requires the~use of fewer blocks™faqr ‘axgiven area.' Heat
s loss is gre:gbst at the edges of a bleck because the. .~
) glass bridges the'air space. The -following U-values show

how larger glass blocké _provide better insulatiofi:
(75,PC,pl0)

o

NOMINAL SIZE i ‘ U-VALUE . U—VALUE
r - . : (single cavity) (double cavity)
4 x 12 inch ©,0.60 0.52
. : ( B ’
. 6 inch sq. 0.60 -
A <. ,
5 % 8 inch sq. CT 0.5 .\0.’48
~ & 12 inch sq. ) 0.52 L, 044
A b Lot . . ‘,

) Note that glass blocks are available with doubleJcavities
. with the same overall block depth - u5ually a nomindgy-
four inches.

3) The greater mass of glass block coﬁpared to windowsglass
reésults in a lag in time between when the gun first.falls
on the block_and when the room temperature risesw~ The
heat gain for west—faciﬂg glass block windows is_conse-

. 74_??« .g;% *
Cw “ "
: 151 /
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quently delayed in the morning and conversely, the heat ,5
gain of east-facing glass block windows will be elevatéd- ,
in the afternoon. To approximate this lag the solar heat
gain factor from the previous rather than the current

hour ean be ysed in calculating heat gain. This product
plus the heat gain or loss thtough tlie block (U-value
multiplied by the inside/outside témperature difference)
equals the net heat gain or loss. (74 ,ASHRAE, p487)

The shading coefficient of glass block can be lowered by
contouring the glass surface(s) and/or by fusing various
types of inserts between the two halves belfore th8y are
joined in the manufacturing process. :

.
-

{The following table illustrates the effectiveness of
several means of reducting the shading .coefficients for
nominal 8 x 8 inch ‘glass blocks. Multiﬁiy the coeffi-
cients by 1.15 for 12 x.12 inch blocks or by 0.85 -for 6 x
6 inch glassAbIbeks. (74 ,ASHRAE, p4C®)’

TYPE - SHADING COEFFICIENT

~ % EXPOSED TO SHADED SHADED
- SyN NN, NW, W, SW NE, E, SE

s

(Window glass) ¢ 1.06 . —_— _—

.

2

Clear blofk 0:65 - " 0.40 0.60

Clear with gl;?% I . s
fiber insert 0.44 .. 0.34 - 0.51

Contoured:outer {_ i
surfaces 0.33
Prismatic inside N
surfaces and . .

glass fiber insert

., Same as above plus
Ceramjc coating on
insert or gray glass
used for_block or —
pmsmatic glasg fiber
insert. i .-

s A
Note: Shading glass block windows from direct sunltghic®
substantially reduges heat gain, By providing roof
overhangs calculated to obstruct the summer sun and admit
the winter sun, glass block can be used to the best )
thermal advantage. ‘ 7




P,

L]

¢+ 5) y Gldre from glass blocks can be reduced with various types

-
>

~-

6)  Penetration of 1i
H X

. tive celling

7)
ADVANTAGES:

1)

2)

of inserts.

reducing insert which has the additional benefit of
Glare can -
rid surface into the glass

making the block a more uniform brightness.

by pressing

o diffuse the 1light,

ngso be reduced

g&t into a'room can be 1ncreased by

casting the inside surfaces of the'glass blocks in a
prism configuration to direct the'light up’ onto a reflec-

(64 Ulrey,pl77)

0perat1ng glass units can be composed into glass block
panels to Provide ventilation.

L]

{
.

White opal glass is an example of a glare

)

Solar heat gain and daylighting w1th greatly reduced heat

loss compared to single glazed w1ndows.

<

‘Control of direction of incoming light with’ potent1a1,to

increase penetration into rooms with prism surface blocks,

-

.
~ -

LY

ting-of

lock and

. -~

H

3) . Reduced glare Wlth .use of inserts or diffusing surface‘
treatment of block. .
- f ‘\ *
4)  Privacy Vith~diffus13g>or glare reducing glass blocks.
5) ) Reduced s0und transmission ranglng from 35.3 db at 128
- cycles per second to 47.5 db at 2048 cycles per second
(64,Ulrey,pl75)
6) Vandal.resdstant. "RBrojectiles which would shatter window
— Ajglass are deflected by glass block.
7) Forced entry greatly impeded :
i .8) F1re rated at up to 1 1/2 hours dependlng upon block
. s type. (75 PC,p8)
4 s ) " o .,'@, L
DISADVANTAGES:
1)« Possible Summer or even Spring and’ Fall over
rooms with large expanses of unshaded glass
inadequate provision for natiral ventflatio
' " '

4-33
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*2) Distortion or elimf%ation of view out with most glass
block types.~ . ]
. . P
. 3) Elimination of security surveillance of building interior
through glass block windows. '
AESTHETICS: . ) R . :
. . _ ‘ ] L. -
1) Glass block, are available in clear units a%férding only
. slight "distortion’ to view, and in a variety of patterns
which can be combined and arranged in an almost endless”
number of compositions.’ .
' 2) Diffusing blocks effectively increase the ambient light®
level of a room. -~
3) . The"joints of glass block impart a grid effect to the:
fenestration. The scale of,the grid can be adjusted by
the size and proportion of the block. -
COSTS: ‘

ES .
A 3

/ o >

e

.

¢

The following are a sample of the price of deiivered clear

glass block:

*

SRS &1 SR

STZE UNIT COST ™ §Q. FT. COST
o
i . " 6x6 . $I.75 -$7.00
.- 8 x_8 " 2,25 5.06
- . 12 x 12 4,50 . 4,50 -
’4 ) i [ -
EXAMPLES ’ ' S ,
L2 ' 7.
. B — < ' v *
. 1" The following two examples illustrate the light pene-

. tration with glass block on a south eXposure compared to

'

glass block on both a south and north-exposures 90 feet
apart. Both.cases are for 40 degreea N. latitude at 10 .
a.m. and 2 p.m. on March 21.-.(66,1ES,p7-11)

»
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Figure 36. Glass Block on One Exposure vs. Two Exposures .

«
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‘

Glass~block is effective on horth exposures to increase
o the ambient light level of .a room while providing a

'5 fairly low U-valpe for heat loss. " The following illus-~
tration shows the uge of glass block to increase the
l1ight 1eve1 of .a room and reduce glare from clear glass
windows., " (75 PC,plS) ' .




Gwathney Siegel, 154 W S57th St,, N.Y. 10019

-~

REFERENCES:

LY

¢

ASHRAE, ASHRAE Handbook of Fundamentals, American Socie;) of
Heating, Refrigeration, and Air Conditioning Engineers, lnc.,
New York, 1974. .

Boyd, Robert Allen, 'The Development of Prismatic Glass Block and
the Daylighting Laboratory", Engineering Reséarch Bulletin Nr.
32, University, 6f Michigan, Ann Arbor, Mich., 1951.

Holton,, John. K., "Daylighting of Buildings - A Compendium and Study
of Its Introduction and Control." °‘NBSIR 76-1098, National
Bureau of Standards, Washington D. @., 1976. .

IES, IES Lighting Handbook Illumirnating Engineers Society, New

York l966 X i ’/J

P.C., "Glass Block - Decorative and Functional Units for New - .
Construction and Remodeling", Pittsburgh Corning Corp., Pitts
- burgh, Pa., Dec+ 1975.,

3

Smith, W A., and Penfiington, C. W ’"Shading Coefficients for Glass
Block Panels', ASHRAE Journal ASHRAE Inc., New York, N. Y.,
Dec. 1964.

v

Ulrey, Harry F., Architect's and Builder's Guide, .T. Andel Co?%
Indianapolis, Ind., 1964,

-

~

5




- . '\ . . !
47 THRU-GLASS VENTILATORS/ Ventilation

- STRATEGY: ,

”

Install a transparent wind-driven rotor with a closable louver

in a hole cut in a fixed glass window to provide controlled
. ventilation.

PHENOMENA ;

wh

The transparent rotor spﬁnSﬂadmitting or exhausting air into
or out of a room as a result of air pressure differences , _
between the ingide and outside. Operable louvers allow the.

. air flow to be stopped entirely when ventilation is not
. desired,

-~ ] «

ADVANTAGES: . . o

4
“ -

1) Ventilation possible with fixed glass windows.

2) Reduction of strong sudden drafts durlng gusty winds,
33 Securit;>‘/A six or eight inch diameter hole in a fixed

glass window limits the size of burglars who can gain
entrance,

~
-

DISADVANTAGES:

1) . Minimal natural ventilation compared to operable windows

or even compared to an equal diameter unobstructed hole
. i cut in the glass.

2) Cannot' be insialled in factory sealed double or tripple
] * glazed windows, nor in existing tempered glags windows by
' the, homeowner or contractor in the field,

N "

AESTHETICS: . - ‘

A trarsparent rotor unit interferess with the view compared to

an uninterrupted expanse of glass. However, the opening,

small as it is, provides a strong contact with the outside in
4-37%

mic . o W




.
. .

_terms of admitting the "smell' of fresh air and the sounds of

the outdoors. These qualities are largeli lost with normal
fixed glass windows. ' )

COSTS:

The retail costsof a thru-glass venfilator varies with its .
size: approximately $7.00 for an 8 inch unit, $5.75 for a 6-
1/2 inch unit, and $3.50 for a 5 inch uhit. (Prices do not
’include shipping.) Installation entails simply scribing and
* tapping-out a round hole in the glass.[ Units are available
which lock into- place without screws. |

¢

;

:

/

o 4
» {

¢
]

EXAMPLES &

The folldwing photograpﬁ—illusfrgteg one model of d thru-glass
ventilator. (76,Simon,pl) . .

George Roach Co., 8010 24th Ave. NW, Seattle, A 98107

"RE»FERENCES: \ | - | \ \

Simon Ltd., "It Runs on AN", George W. Roach Co., Seattle, Was N
1976. .
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> blinds are effective in reducing heat gain.in the summér as \\

»

" . v +

5. INTERIOR ACGESSORES

o o
The‘prinpiﬁﬂl advantage of epergy-gpnserving interior accessorigs ~
Ce
! >

is their accessibility and hence ease of management as outside
conditions change or as the use of the interior changes,

Interior accessories such as draperies, roll shades, and venetian

4

well as reducing heat loss in the winter. The principal dis-

advantage of interior accessories is the ‘fact thét in reducing

heat gain, the heat absorbed in the dévice is radiated into the

buiidingwinterior. Also, interior accessories when béing used
for shading may. limit the opening of_in-swing windows when
! -

sﬁéding and ventilation are desired. In reducing heat loss, if -

B 4
A © .

jthe device déesinot effectively trap air’ betweén- itself and the

.- —_— -

window, the insulative value is minimal. However, 4f it is

initially ®nstalled to provide tight closure and it is subsequent-

.

ly used conscientiously, an interior accessory can greatly

improve the performance .of a window.

Wi &
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51 VEN ETI\\N BLINDS{Shading, Daylighting :

.STRATEGY: N~

3 .

1

.Install vene&ian blinds to reflect the summer sun back out the™
window,. or to direct daylight to the~ceilinmg for—deepsf light
penetration into a room. ‘ . '

%

PHENQMENA ; . ﬂ - /W\

\ e

1) Slatted horizontal or vertica} blinds can be titlted to )
provide maximum reflettion of sunlight back out the window
in the summer. At a 45 degree tilt °with sunlight perpen-
dicular to the slats, blinds have the following properties:

P © (74,ASHRAE, p403)Y/ ~ '

Properties of Venetian Blinds

=

TYPE TRANS. REFL, ABSORBED.
Light-Colored Horizontal 0,05 0.55 0.40
Medium-Colored Horizontal 0.05 0.35 0.60
White (closed) Vertical |, 0.00 ©0.77 0.23 --

These chayacteristics translate into the following shading
coefficients for blinds in conjunction with different .
- glazing typesi* (74,ASHRAE,p402)
oo : .

»

A
) ¥ -
' -+ 5-1 -
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SHADIEQ{COEFFICIENTS OF VENET;KNhBLINDS

s . . oot -
TYPE OF SOLAR TRANS MEDIUM LIGHT WHITE ) 2' ‘
GLASS . " OF GLASS HORIZONTAL HORIZO&TAL VERTICAIB\__ ! )

single Clear . 0.87¢ . | 864 . 0.55 . 0.29:
Single Heat-AB 0.46 - 0.37 a 0.53 - e
" Single ‘Refl.t . ) R )
SC=0.30 .
=0.40
=0.50
=0.60
Double " Clear
Double Heat-AB3
Double —Reflective
SC=0.20
;0.30

=0.,40

‘{//) ;
Shading coefficients (SC) under the reflective glags
column indicate the performance of the glass withoyt

interior shading for the purpose of %gentifying glass
types. " : "

‘WHite vertical blind performance is rated for tightly
closed blinds-in conjunction with glass having a
solar transmittance:between 0,71 and 0.80,

® T
Heat absorbing® glass for r sheet of glass, clear
glass for inner sheet of PFlass. :




0.

1

2)

"ADVANTAGES: '~

1)

'Venetian blinds are an effective means of variably éortrol-

ﬁing the amount of daylight admitted into a room. The
slats can be adjusted to block’ all direct beam’ sunlight
while admitting diffuse dayliRt. With a lighgzcolored
ceiling, the slats can even be §ilted to . reflect part of
the direct beam sunlight up to t ceiling where it can be
reflected back down to work surfades. The amount of .light
transmitted to the - work surface is great\y diminished in
the process but glare is eliminated. Autowmated control
system8 are available to adjust the tilt and even raise
and lower the blinds as the outdoor light level varies.
(See AUTOMAFIC SWITCHING/Daylighting)

—

3 . '

-

- )3

Minimal space used to store blinds when open and they
stack with a minimal obstruction of the window area.

2) /Xan be selectively tilted toé@.rect daylight to the celling

or .directly onto the work surface.

3) Can be partially ibwered to eliminate sﬁnlight from only a
portion of a room, . :
RN ) !
DISADVANTAGES: . . ~,
1)’ Cleaning”tedius. ‘ _ .
. T ' i
2) Maintenance of lifting and tlltlng hardware and cord
. replacement, ) . ‘
o e e o 4 e ,
3)  Decreased effectlveness in reducing winter heat loss |
compared éghshades or tight-fitting drapes_due to cracks
between éach slat. [ d o s .
COSTS: AN I
R . . - . - :

!

°

The follow1ng are a few sample retail prices for verticalo
venetian blinds in the Washihgton D. C. areg, for several
widths and.lengths,

e - °

°0

*’
\ o
.
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NAKROW CONVENTTONAL VERTICAL .
; . SLAT 1" . SLAT 2" BLIND )
36 Wx 60 H ~ 51,72 - - .18.75 : 43,00 - 53.00
36 Wx 84 H 66.80 - @ 26.25 V51,00 = 64,50%
. 72 | xe60 H 94,04 " 37.50 75.50 =~94.0Q
K_ . e N }
2Wyx € H 122,36 .,/  52.50 " 90.00 - 116.50

E/){AMPLE‘S: . ) , s X
~ s v ey . D N . '
. . -
,)\\ A study by Arthur Rosegfeld and Sté%hen Selkowifz proposes the
use of reflective venetian blinds*in conjunction with clerestdry .
* windows to increase the usefulness of beam sunlight in providing
illuminatfon.® The light entering through hijgh windeWs is
rqflectéd by the blinds up to'the ceiling then do to. the‘work
surface. It is believed that such a system could provide
) adequate illumination throughout. much of the year, Efficienc¥
- . could be further improved by coupling the blinds with elect:ic
. lighting controls. (gee Strategy, Automatic Switching )
A ' ¢
The payback pertod for Such a sﬁstem is illustrated with
N calculations for a small office of 150 square feet with a 12 .
. foot wide south exposure. A clerestory window the full width ‘
- of the office would accommodate 12 square feet of beam day-
lighting blinds. The clerestory with,blinds would deliver an )
N average of 100 lumengYper square foot for eight hours on 4
., average clear days. Assuming that daylighting could be utilized T
L © 80 [ﬁcent of the occupied hours and the sun shined 65 percent '
. of the e, beam daylight would be viable: for 50 percent of
- the 2,00 annual.working Hours. . (80% x.657) Assuming 2W/sq.
ft. for electric 1lighting the lightipg load is 300W for the o
. office of 150 sq. ft* If the clerestoryrblind system provided <
* adequate illumination for half, the time, this would then repre- . '
sent a savifg of 300 KWE/per year or at 3¢/KWH $9. 00/year. . .
(50 percent of 2,000 h¥s x 300W).. If the utility company has > ‘
peak period biIling, the savings occur during the peak period -
- . and the dpllar savings might then be $13/year. A t{ged light .
- ‘ g . %>

. -




. l’

-
switch is assumed to pay for itself in approximately a year

' from night and weekend savings. Reflection blind might cost¢
$2.00 per square foot_or $24. The payback period for the
system is therefore $24/$l3 per year or slightly less' than two
years. (76,Qean,p46)"

REFERENCES: - < )
ASHRAE ASHRAE Handbook of Fundamentals AéHRAE Inc., New York,
N, Y., 1974. . ’

Alcan, "Aluminum Window Blinds for Splar and Light-antrol", Alcan -
Building Products, Sodth Kearny, N. LI, 1996.

Avery, "éundrape vertical Blind", 7. Avery & Co. Ltd., 82-90 Queens-
land Road, Holloway, London. N7 7AW, April 1976.

¢ -

. Deany Edward and Rosenfeld, Art‘;r, Efficient Use of Energy in

©

Buildings, LBL 441, Lawrence erkeley 'Laboratories, Berkeley,
Calif,, 1976, .

Dix, Rollin C., and ZaIman Lavan, "Window Shades and Energy Conser
vation" Illinois Institute of Technology, Chicago, Ill., Dec.
1974, . ) , , .

2

Levolor, "Window Magic!', Levolor Lorentien Inc. Hoboken, N. J.,
1976, . : S

Marathon Carey-McFall, "Bali-Architect Venetian Blinds", Marathon
Carey-McFall Co., Philadelphia, Pas, 1974,

Stephenson, D. G. and Mitalas, G. P., "Solar Transmission through
Windows with Venetian Blinds", Research Paper No.+310, Division
of Building Research, National Research Council, Ottawa, Canada,
April 1967.
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. 5.2;%QDRAF?ERIES/ Shading, Insulation ‘ -

J . «

- 3 Ve

STRATEGY: . '

.
.

- ‘ - A .
- Install draperies sealed éga#nst the wall or window frame at
+ the sides and extending down in contact with the floor or
" window sill to insulate the window in the widter and provide
shade in 'the summer.. , . ,
’

[P

PHENOMENA : ’

4
P

1) Heat loss tPrough windows with tight fitting closed
draperies is substantially reduced compared to the heat
.. - loss of an uncovered window. The effectiveness of a
closed drapery as an insulator is greatly impaired 1if

S conditioned air is free to circulate between the drapery

and the window.- When room air comes in contact with the

cold glass, it is, cooled and cascades back into fhe room

at the bottom of the drapery. Under such conditions, the
winter U-value of a single glazed window is only reduced h
from*“T.13 to,1.06. (74,Dix,pl3). By contrast, the winter
‘U-value of a\Ezght—fitting, tight-weave closed drapery and
single glazed window can be assymed to be as low as 0.88.
(calculated from 74,ASHRAE,p395)

2) In the winter the draperies should be opened when the s
window is sunlit to allow the sunlight to penetrate into
. the room, warming more massive materials~and remote
_.surfaces. The heat will then radiate t otﬁgr interior
surfaces rather than directly back to the glass. The
drapery track. should extend a sufficient distance to
ww-either side of the window to permit the draperies to stack
clear of the window to allow all’ the sunlight to penetrate
into the room. -

.
.

3) Comfort near windows with drawn draperies will be improved
compared to uncovered Vindows. This is due to -the draperies
being much closer=to room temperature than the glass with
a corresponding reéduction in body heat loss by radiation.

. Tight*weave fabrics are more effective for improving

comfort. . -

k4
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Summer heat gain can be reduced with draperies., The
effectiveness of the drapery is mainly determined by three
factors: the amount of incoming solar energy reflected
back at the glass, the amount of solar energy absorbed by
the fabric, and the amount of solar energy transmitted
through the fabric and through the openings of the weave.
To a lesser extent, the insulation value of the drapery:
also affects how much outdoor heat is added to the air:
conditioning load. For single glazed windows with tight
fitting draperies, -the summer U-value can be as low as
,0.81 compared to‘1.06 for the uncovered window. (74, -
ASHRAE,p39S) The, shading coefficient of single glazed
windows (1/4" plate) with draperies ranges from 0.80 down
to 0.35, the low value representing a highly.reflective
tightly weven drapery material. (74,ASHRAE,p405). The
window heat gain can be calculated by adding the solar
heat gain and the conducted heat gain,‘ The solar heat -
gain 'equals the amount of solar energy transmitted plus
the amount of solar energy absorbed by the configuration
and dissipated into the building interior. The coénducted
heat gain equals the U-value multiplied by the ‘inside
outside temperature difference. ¢See 74,ASHRAE,p388)

- - i

" The use of tight fittiné draperies with insulating glasg

even further reduces the s@immer U-value as* shown below:
(74 ,ASHRAE, p395) s

. DOUBLE GLASS

[width of air spate) NO.SHADiNG SHADING
single gla;ing ‘ 1.06 0.81
3/16" air space s 0.66 0.54
1/4" air-space 0.65 £ 0.52
1/2" aiz space . 0.59 0.48

WITH INTERIOR

The use of double draperies, two -layers of draperies .
separated by an air space, further improves the thermal
performance of windows. A summer Urvalue of 0.65 is
possible for single glazed windows .assuming the same -
degree of air tightness for both layers of trapped air.

‘Assuming a better degree of air tightness between the two

layers of drapery than between the drapery and the window
results in the even lower calculated U-value of 0.57:
(Penfitngton, p2) -

55 - ~

. 1. -
. k ]~6'7 ﬂ*ijip AL ’
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“-Draperies should be installed such that conditid&ed’air

- 7
-+ blows on the room side of the drapery and not between the
- drapery and the window. Where the register is directly
below or above the window, retrofit deflectors are’ readily
. available which divert the air into the room rather than
. up-or down the window surface. .. -
ADVANTAGES : , ‘ .
B 1) Décreased winter heat lossgand summer heat gain.
2) Improved comfort near window p0551b1e "when draperies
closed. ~
X 3) Glare control.. .
. |
4)" . Privacy - s
5) ' Noise absorption. Noise within a room is absorbed by

draperies rather than reflected as from uncovered glass.
Also, outside noise transmitted through the’ glass is

, partially absorbed. “The denser the weave and heavier the
drapery, the more effective it is in reducing noise

“ transmigsion. The following graph illustrates the effect
- of the “fipenness of the weave on sound reduction. (74,
" ASHRAE,p406) .

60

Notes: .
» 50 1. Openness factor is for
. 2 flat fabric. -

. « 2. Noise reduction coefficient
is for fabric draped with 100%
fullness;, hung normally. .

. Noise Reduction Coeftficient (Percent)

- 301
. ol - .
5! '
N ’
20 > 02
° < ¢
al. o
) = .
51 g8 1 ' :
' Ee
orEl 2E lgd
-0 3 - Q < - ?
: sl & 10g& -
. - 0 12 1 ! ]
0 100 20 30~ 40 50
Openness Factor of Fabric (Percent)  * e — ’
+ Figure 37  Drapery TypeVs. Nouse .
. ' "Reduction . . .
, . t 5-9
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_DISADVANTAGES: - ' B

e .
1)"* Periodic clééning required.
! ' .
2) Obstruction of view when .closed.
3) Possible breakage of glass when used in'conjnnction with =~ »
' heat- absorbing glass. .(Also true for any reflective - 5
interior shading deviae ) The glass and the way it is set -
should be designéd to withstand the additional heat-build-
up from sunlight being reflected back at the glass from
the closed drapery. °
AESTHETICS:

The desire for an airy open weave drapery conflicts with the
thermal effectiveness of draperies both summer and winter.-

0 » *

e price ranges largely with the cost of the fabric. A ready—_i
made drapery 'can range in price from $0.,85 to $1.50 per square
foot. Custom made draperies may range much higher in price.

The traverse rod is frequently available in various length
increments which are expandable to any size up to the next size

COSTS: * °
”

ingrement., A_12 to 15 foot traverse rod can range from §12'to '

$180 . ‘ ) . * +

’ [ L} \\ :
EXAMPLES

b i,

e i |

¢ X sertes of tests were conducted by the Illinois Institute of
Technology to determine the percentage of energy that could be
saved by using shades, drapery, or venetian blinds. The tests
were conducted in two rooms ‘with a window mounted between them.
One ,room had its temperature varied from 20 to 50°F (-6.7 to

. 10°C) for winter test and from 85 to 95°F (29.4 to 35°C) for-

. summer test. The other.room was maintained at 75°F (23.9°C).
Solar radiation levels typical of the midtwest were introduced
using heat lamps for the summer test. - All cracks were sealed




P

around the window to prevent infiltration. The draperies were
hung two inches out from the wall so they completely covered
the window opening. The study concluded that a medium colored,
drapery with a white plastic backing reduced conducted heats .
loss in the winter by 6 to 7% (74,Dix,pii) and conductive and *
radiant heat gains in the summer by 337% (74,Dix, p21) ' R

- . -~ 7 . * -
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STRATEGY :

Install clear or coated transparent film shades--singly or in

separated multiple kayers and sealed at the sides and bottom to

provide insulation, Jmproved air tightness, solar heating,
.and/or shading.

£
x

" PHENOMENA:
\

1) A roll shade seale& agfinst the perimeter of a ‘window
frame will create an ingulating layer of air. This effect.
can be multiplied by proyiding several comsecutive layers
.of shades and air spaces. One such system is reported to
provide a U-value for the\Window of 0.55 with one shade
pulled down, 0.31 with two shades pulled down, and 0.18
with three shades pulled down. ( 76,Insealshaid,p4)
2) A roll shade sealed at the edjes also impedes infil-
tration. Rt

3), A heat-absorbing film shade ih s\nlight can have a surface
temperature above room temperaturg and thereby provide a g
warm radianq\aurface improving.com{ort.

AN

\

4) A low-emissivity film shade can redu'e the w1ndaw s absorp-
tion of heat radiated from interipr all surfaees, furniture,
‘and people. This can result in a'hea‘;loss reduction of
57 to 64 percent, from single glazed witklows without a
shade: (75,Dahlen,"Summary'p2) \
. L °
5) A reflactive film shade can reflect as much as 60 percent
of the incoming sunlight back out through th
(76,Joanna; p2). -

6) K
percent of ghe visible light but only 55%percen
total so¥arW@ladiation. This allows uSable%ﬁhyi\«
enter but blocks much of the invisible radiation,\
reducing heat gain. (76,Doyle) .
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ADVANTAGES: - - i ‘ '

1) Reduged summer solarsheat gain and winter night losses
with 3 reflective or selective film, singly or in com-
bination with clear film. '

2) Reduced winter heat loss with shade configurations which
© provide insulating, trapped-air space(s).

3) ' Reduced infiltration provided by obstructing flow of
inéoming,aig with a film shade sealed at the edges.

4) Increased comfort near windows because less body heat is
radiated: to an inside film shade than to a cold window.

.»2) Elimination, with a heat-absorbing film, of ultra—vidiet
radiation and its resulting fading of ecarpets and furniture.

6) Reduced sky glare with heat-absorbing films.
7)  Night visibility into building for securit& suwveillance,
- (e.g., shgps,'schools, or banks)+
8) ytime privacy with reflective film shades. LT
i #z ' . .
! . Self—storiﬁ%?when not in use.
. K .
DISADV@NTAGES:'
/. - | .0} ) J. et
1) Required management of shade by occuparits of 'building,
. \ N
2) Difficult to install on other than right angled window
areas. ) ’ ‘
3) Lack of glare zontrol from direct sunlight.
't;‘." . ° =

&) Lack of privacy‘wfﬁh clear spades'qr reflective shades at

meeeem Y piche. o

¢ 5) Reduced winter solar heat gain through low. emissivity film
% :" shades.installed to reduce heat losses. Calculation of
th&net. heat gainor loss for a given locktion may suggest-
Ehé;‘low emisgivity film shades are effective on north,
east, and west™“8tientations-and transparent uncoated film
- shades are effective on south orlentatioms.

"@g

«
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«’ . AESTHETICS: ‘
X ' Film shades may become unaetractive aftersgseveral years due to &=
\( scratchesvand wrinkles, especial at the edge of the shade.
" However, replacement of the film is substantially less expen-
\ - sive than thelinitial installatien of the complete system.
- Y cosT: ' -
? a ; ) \ * g .
- Delivered Film Costi’ .
S -
\ Reflecting Film (3m) 20¢/sq.ft. )
Clear Film \\ 18¢/sq. ft. '
Absorbing Film ' "~ 30¢/sq.ft. - -
\ ' ' N
- & light flltering or reflective f11m shade mounted on a roller - ,
costs approximately\ ] k3
3 x5 ft. window $32 50 ($2 16/sq.ft. )
= 5 x 6/8 patio door $57.50 = ($1.72/sq.ft.) |
The estimated installed cost for single-layer, ,shade system of
either a clear or a reflecting film with a magnetic edge selal . P
Lis? - ™~
¢ .o ¢ N T o o
Y $1.50/sq.ft. on large job (g%é., 100 windows) , ) R

2.00/sq.ft. on smaii job (é.g., 10 windows) ..

%l*ﬁgg be possible to develop a do-it-yourself magnetically,
seaged shade system for the homeowfier at a cost of less than

per squg foot. °

.The estimated installedlgpst of a mYltiple ‘shade system cén-
sisting ‘of clear film, heat-absorbing film; and ‘refléctive film .
with eeg&ed edges and-automatic venting is: 3 '

o

~~$1+.(50/sq.\%\t. for lagée windows ., ' . .

$6.00/sq.ft. for ¢mall wifidows

L 173 4
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EXAMPLES;

L)

(1}

(2)

—3)
(4)

2

W

»

> during the night,
T~

’

.= ’ ‘l

One company manufactures a low-emissivity film shade with
a magnetic edge tape for sealing the perimeter to an iron
. oxide tape adhered to the jamb and sill. Test were con-—
mducted on a school in Minneapolis on November 24, 1974,
Measurements were mdde, using an infrared temperature
sensor and thermocouple, on five adjacent windows on the
first floor classroom. One window was ‘uninsulated while

the other four received various retrofit optionsgi—

Infrared photograplis were then taken on December 1, 1975
to confirm the measurements. The tests showed the insu-
lating effectiveness of gbe various windows as follows:
(75 Dahlen,p2) . ' .
“Percent Heat Loss Reduction
(comparison to single glazed windows)

Conventional roll shade plus a 28-367%

blackout shade for movie pro-

jecting - R
Clear plastic film shade with 36-43%

all® perimeter sealed.

Wooden frame egtérior storm window. 50-57%

Low heat emitting film shade ‘sealed 57-647%

-4

on bottom and sides ‘only. -

rs 9

"Another company manufacturers a system of three shades:
reflective film shade near the window, a Heat-absorbing
film shdde near the room, and a clear shade in the middle.
The shades are operated within frame guides to seal the

sides and. bottom.

?

a

~ e °

g

In the winter during the day, tfie occupantoshoukd lower

the clear shade and the heat-absorbing shade. The clear

shade creates an insulating air space betweem itself and

the window. The heat-absorbing shade heats the air in

the space between ditself and the clear shade. When the
trapped air temperature becomes warm enough, a bi—metalic
thermostat opens flaps covering slots at the bottom of o
the shade frame. * Room air.is then drawn in at the bottom,
heated by the warm, heat- absorbing film surface, and -
convected back into the room' at the top. In the winter
dll thrge shades are lowered te prqy
three insulating, dead-air spaces. .

de

Q

- ,v { g

“s

-~ \~___’_’_._

s




-

¥

2t
15 pulled down to reflect 80% of the sunlight and the
middle clear film is pulled down to provide insulation.
(76,Insealshaid, p6)

-4

The Sectional drawings foilowing the references illus-

system. N

. : ‘

* - - ~

N

Dahlen, R. R., Doyle, J. S., Klaenhamma,'B. L., "Sum@ary of Window

. Insulation Tests for Double-Hung School Windows." 3M Compﬁyy,
) St, Paul, Minneapolis, December 1975.
A
Dahlen, R. . R. '"Laboratory Measyrements of-Window, Shade Thermal

Perforﬁance » 3M Company, St. Paul Minneapolis.

ey "Classroom', 3M Qompany, §t. Paul, Minneapolis.
Doyle, James S. and Dahlen, R. R. Meeting at NBS. °

N Ark—tic-seal Systems Inc. Butler, Wis., 1976.iz

Joanna Western Mills, "The/Money Saving Way to Daytime Comforts',
Joanna Western Mills Co., Chicago, Ill., 1976.

s .

trate combinations of roll shades possible with such a

REFERENCES : . : ' ‘

In the summer during the day, the outer reflective film

Y Dahlen, R R. "W1ndow AJ§ Infiltration Measurements in School S

Ry

Insealshaid, "The More Windows You Have, the More You Need Insealshaid."
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.. 54 OPAQUE ROLL SHADES/Shading, Solar Heating . -

— - 3
N ©

_. STRATEGY: . ~ .

Install an opaque or translucent roll shade to reflect sun |
* back out the window in the summer, and, if the shade has a N

-~ dark side and is reversible, absorb solar energy in the :
- winter, . ° . x\ - .
- - - ) !‘.% -r a . . . ' _ kY "‘ . ' i
T , PHENOMENA :> ’ |

. . , . ) s . . i
- 1)  Summer solar heat gain through window$scan be reduced 'by '
lowering an opaque, white roll shade to reflect much of

e *  the incoming solar energy-back out through the glass.
» *The color of the shade.and its opacity greatly affect ~
R performance as cdn be seen in the follow1ng table: ‘ .
— (74 ASHRAE,p403) ‘ ‘ - : :
- XIARACTERIST IC | TRANSMITTED ~ REFLECTED  ABSORBED
- , Light-color, translucent-  25Y% 60% 15%
— White, opaque 0 80 T 20'
A] ) ) T . '
Dark, opaque ) 0 « e, 12 88

As 1is evident from theetable, a shade's ability to reflect
sunlight’ is badly impaired if it is & dark color.

.

—;, The light absorbed by the shade raises the shade temperature,-
S Heat is then dissipated into thre room by ragiation to
. room surfaces, and 'by cohvection of room air.in conﬁact.
with the’ warm shade surface. - . ’ .
- € .
L 2), The effectiveness of roll shades in comblnatlon “with )
’ various types of glass is shown below in terfis of shading

coefficients: (74, ASHRAE,p&OB) ° v . . ,




. e eEIITEESROEOSITIInITLL :
. “ / 4oE -} ¥ 7 v P 3 i ’
o g GLASS .. .SOLAR coe SHADING COERFICIENT ’ '

L ‘ . TRANSM. OPAQUE OPAQUE  TRANSLUC
. ' DARK WHITE LIGHT
. : A
. : Single Clear 87% 0.59 - 0.25  0.39 . -
En Single Heat-Ab.  35%° 0.45 0.30 . . 0.36 “
Double Clear 69* 0.60 0.25 0.37 . =
. Double Heat-Ab. 28%* 0.40 0.22 0.30 3
. * (75§%%F,p19) - :
3) Roll shades #lso reduce heatyflpw through a ‘window#both "
' in winter and summer. The U-value-of a roll shade with a )
moderately close fit to the window opefiing in the wall ° )
(%éé achieve a summer U-value of approximately 0.88.
culated from 74~ASHRAE,p395) .
- 5)‘ A roli'sbade ¢an have a dark cblor on one side which
’ effectively absorbs sunlight and a white surface on the
. . reverse side which effectively reflects sunlight. By -
simply reversing the shade from dark side facing out in
. ' . winter to reflectlve side facing out in summer, the shade ]
. ¥ can perform as a solar collector or shading device varyingiﬁ
~ with the season. (Sllversteln,p63) .
¢ ) R o
ADVANTAGES: . ( . .
1) Reduced solar heat gain in summer.
2) Reduced conducted heat loss during winter nights.
. . <« 3 ‘ﬂ"w
. 3) Privacy. , : i .
Al . : . - ‘
) 4y  Glare control. ’ T //// y
. C ] -
. 5)  Self-storing. . " S L. : .
¢ - . .
’ ) - . .
DISADVANTAGES: , ‘ ' . .l
- : ’ ‘// B
s1) Maintenénce. Spring mechanlsm will fatigue or jamb with time
N - and néed ‘replacemept. - . < L.
. 2) View out and shading at the same time impossible. . ole
. N .
. - 3)* Impeded ventilation from the top opening of double hung s
» #  yindows when the shade is lowered® ‘ ~ . ’
. R . v s
. . . ) L. :
. N s T T L B
- . o v 5 20 ) .
1/_’\ - . P
O - , .-
ERIC . L. i 178 ' o
e ) - \ o ( \
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B S -/ N s :
. . - -

AESTHETICS: L , } '
. " ° N - *
A Toll shade is a slmple inobtrusjve element which does not *
i complicate the appearance of a w1ndow.c N °
€OSTS: . - o
, '. The following are a sample of retail prices for roll shades in
the Washington, D, C. area:
o - SHADE ) TYPE OF SHADE - L.
' . . WIDTH . QPAQUE TRANSLUCENT e
86 inches $5.00 $3.70 .
v oo 60 inches  20.00 17.00 ‘
‘ | . \ ) 'f s
e EXAMPLES: '
, . ) e-
) The following example illustrates the summer andgwinter energy
g benefit. or expendltuft ‘attributable” for dne sqbate foot of .
window without and with a roll shade in New York clip The
— summer calculated enérgy results plus the solar data, degree °
. days and window U-values are takén from a reporf by Samuel
w7 Berman. (75, Berman,pﬁ]) The winter energy data and total
> = energy data are not from Berman., -These calculations differ *
‘ fgom his report in order to consider the window with a lowered’
roll shade during winter nights, Three orientations are
. calculated with west being assumed similar to east.
, The following values are used in the calculation: .
- ' . s T Winter :Values
Type of Glass . Shade-Up Shade Down
- a 2 * . .
" - © Single glass 1.13 0.88 . .
*. -~ . ‘ s .
e & . Storm/double ’ . 0,55 0.49 § .
& \ ~ S -
o * ) , - AS
2, '/ I P *
- g { ‘ ) . .
. Paat . ’ -
. ¢ ~en . g o
3 » N N - - - !
t.ll_‘AfiAv'“ 1 . "‘.”
23 4 . > - N i"« -
' \ . . S .
- -~ * - P~
- . . C5e21 & Y-
Con . . T d
. ¥ A . 179 ‘» g‘ .
e 4 0 - b




days (d) for a period from October to April.

g\ -
i . o,
Type of Glass - Winter Solar Heat Gain (WSHG).
R (KBTU/winter, sq.ft.)
- L .
~ ‘ N - E,W S ,
. * singlé 45 ., - 91 159 : ]
’ 39.6 139.9 , : )
double . 80.1 :

The sﬁadlng coefflclent for double glass is assumed to be \
0.88. ~¢ .

K]
Y ) B N

Heat loss fot the winter was calculated w1€h the shade 1owered -
12 hours per~day. Thé heating seasdn used was 4714 degree ) R

s

.

= (WSHG x SC) - (%2 x Ushade

% d) + (12 x Uno shade

x d)

. . '
— -3
L)

,Using these assumptions the following winter and summer
-energy expenditures or beneflts result from oné square foot of
window. . -

. | -
< -
t

SEASONAL ENERGY EXPENDITURE FOR A WINDOW IN NEW YORK CITY
( BBTU/SQ.FT.) (- denotes energy input requwired from mechanical system)

-

. crazif SHADING * NORTH - EAST ‘ SOUTH
4 Wint. Sumr. Wint. Sumr. Wint. Sumr.
Single None 8% 43 -38  -76 , +29 -59
Single roll shade =69 -15 . 23 26 #45* "~ =20
- *  Savings ©15 28 15 - 50 _ 16 397
Storm/double None -25 -37 +14 -65."+71 . =51
Storm/double roll shade -19 -13  +21  "-23 481 -18
. Savings 6 24 7 42 10 33 "-
- . ‘ ) ¢
Savings roll shade + £65 -+  3q 17 53 ° 52 41
*double compared to . T . . y
o roll shade + single- .
- - ' . -
. -
- C 5-22
. . )

FA.
o
(o)
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| 5.5  INSULATION SHUTTERS/ Insulation

STRATEGY:

Provide hlnged or remoyaple opaque insulating shutters to
reduce night-time wintér heat Ioss. '

. N
PHENOMENA :

o

The winter heat loss through a'wPndow can be reduced by
covering the /window with an insulating panel in contact-.
with the glass. . Thggpeaf losa‘ls thep reduced in pro-
portion to the insu% ‘ting Value of the panel measured as
resistance ,fo heat flow per inch’thickness of material.
The U-value for a window with a ope inch insulating panel

against it/can be approxfimated as follows:
t 1 ¢
U - «- <)
t

+ 'R
o7 "Ug;ass_alone panel
N
> !

. ) .. _
-This assumes equivalent values for the air film at the

" surfacd -of the panel and at the interior surface of the
glassy/or an R-value of 0. 68 in both cases.

The géllow1ng table lists several tommon rigid insulating
materials, their\resistances (74 ,ASHRAE |p361), and the
winter U-value of a single glazed window with the panel
in contact with the glass, All values are for one inch
th?ck panels:’ 4




e

o

il

e

' . ' £
INSULATING VALUES OF VARIOUS™ INSULATING PANEL MATERIALS

PY

Material”™ Resistance -value of U-value of
(for 1" Fhickpess) window with window with
' 1" panel 2" panel
, ) -
Expanded pqQlystyrene, 4,00 ', 0.20 0.11
extruded, plain - i
Expanded polystyrene, 3.57 - 0.22- 0.12
molded beads ~
B A a—— e -
Expanded po‘iyurethane ) 6.25 0. ]ﬁ 0.07
, 1 ’
Cork (3/4 inch) ! Iu68l 0.39l v
f * .
) e ST 1
Cork/papet bd¥cork (3/4) 2,56 0.29 -
IS . . ’ ’
0.93 0.55 -— .

¢ Plywood (3/4 inchjt‘ )

3

8

- 2)

1f*a gap'exists’between the insulating panel and the

glass and air can circulate from the room Behind the

anel in redu
However,

zanel and acgoss the glass, the effectiveness of the

¢ heat loss will be Arastically reduced.

if theﬁﬁanel fits tightly to the perimeter of

,‘ the wall opening (so ®hat air cannot circulate dinto t?e
. room), a separation of the panel from the glass wilk ' _

increase

ADVANTAGES: ° . *

IS

Tl ¢ :
.y

1) Rdduced winter heat loéé at night.

- . . -

Y
&ﬁ%} 3)
#o. ‘

% 2 4)

ds

I

¢ =

"\'1’ .’i’
v

~

Privacy at niéht.

~

.

.

Impréved comfort near windows at might.g

Reduced sound transmission at night. s

the panel's effectiveness by providing an
insulating layer of trapped air.

.
B » .
'
e «




' ’ ’ ¢
DISADVANTAGES: o . .

»

¢ «
e .1) Bulky to store during the summer and dugipg day if
demountable panels are used.

2)  Easily crushed in the case of polystyrene or polyuretharne
necessitating periodic feplacement,

- ) .

3)  Polystyrenes and polyurethanes are flamable and give off
- highly| toxi¢ gases in the event of fire. A protettive
- cladding ,of metal is essential. N

AESTH’ETICS : S

Rigid insulatigg panels can be vered with decorator fabrics
to enhance the character of the¥@indow. Cork or other fnsu-
lating materials are attractive in-their natural co ition in
many interior,édesign schemes., In deep window openings, the
window may be sufficiently recesSed to accommodate half the
width of the window, in which case, th¥fmal panels can be
pivo¥ed at egthér side without projecting out into theé room:
“In new. construction a pocket can be detailed in the wall
adjacent to the'window into which sliding insul§!&ng panels
can be stored out of sight. Foam penels should be clad
with sheet metal. The metal skin would eliminate the N .
* problem of panels becoming unsightly due to the vulnerability -
of unprotected foam. The skin must also provide protection
from -the toxic fumes ggien off by certain types of foam
(/ ingulation- in the presenceof’a.fire, e

-~ * [N * : ‘e
v . - s 1
' ) .
., & .COSTS: -, o N N
v , - LI

* The following table is a sample of retail priges¢ for various
insularing materials: : gy S

by ~

o _N ‘ o ’ Naterial * Cost/sg. ft: - .
. ~%0 ‘ s . . ) ) . ‘ ’ .; .
‘ .l"‘extruded'polys%yrege» _ $0.35° \
i A éxpénded polystyréné' 0.38
3 ) N
) -
BRI *.7 3/4" shéet cork . « . 0.50 BN
( s . . ) 2 °
- . L "' pressed paper ‘ 1.51 o=
% = | bodrd with {/8"cork | : _ -
- ") .\ facing botnhsides e - W
o * . P -

. 5_27 . - . , 3 .
: ‘ ( ’ 184 - v . o P



. EXAMPLES : - '
. 1)  An insulating.panel which reduces a single glazed window's
_ U-value to 0.38 or less, is twice as insulating as resi-
. dential double glass (1/4 inch air space) with a U-value
4 " of 0.65, Thus, if the panels are closed only during the

hours of darkness, approximately twelve hours per dap,
they will achieve energy savings comparable to insulating

x\ . b s glass, Furthermore, the difference between outside day
\ and night, temperatures is likely to be greater than the
v difference between day and night thermostat settings.
\, * Therefore\ even with night-time thermostat set back the ‘
"\\ insulating\ shutters can effectively conserve heating
N energy. T .
. & . o - L e . )
~ \\ 2) A study in Sweden calculated the differerce in energy
\ flow between insuldted glass windowsS)with thermal shutters

open all the time and with the shutfers closed when
conductivity and infiltration losses exceed solar gain,
The following table gives the annua}Aehergy saved by
using the shutters in BTUs.x 103 per square foot. )(Con-
v.ertea to English Units from 75,Hagman;p2) - ? :
Ve .

in Lulea.

¢

3

[

hd L

LOCA:P'QN *  DEGREE ORIENTATION C \
\ DAYS  NORTH SOUTH EAST/WES, .
- Y . ¢ ’ D\
4 Lulea 11000 ~ 142 125 g 135 -
- ,  Steckholm 7700 106 89 . 99 -
: Malmo = 6900 9\3"' * 79 87
b - P - s ‘a

The -case of closing the shutters whenever the gindow )

. loses more heat than it gains woulggggggggitat Ce
closing the shutters the entire dgy Adring December

in Malmo and Stockholm, and November through ’

January

r

. 2) The window with a closeq shutter was assufied to have
ot a4 . ' an equivalent U-value of 0.09 considering both con- .
i duction and infiltration. With the shutter open,
the window alone, considered to be ah average ™
P tightness, dotble g azed unit, the U-value assumed
:-kﬂ, ‘ ) » . to bg‘equivalentvt.ﬁ?.53.
\ " .

R |
R

RS ... 185
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'~ 6. BULDNG INTERORN * . L .
. =6 BUL ,Rk ‘\4 &

The deéigg\?f thé building Yinterior will determine how useful - jg

e, .

the energ;\§§minted by the windo& will be., Distribution of

the incoming energy beyond the immediate vicinity of a window

- Py »

" is one basic oéjectivel The color, location and heightkof

partitidps will- determine how deeply daylight pengtratks -into

~ - - . ;
\ - a room, The mechanical air 1rculation system'may.gfgvide a v ™

. 1 . .

means of circulating the winter Lolar heat beyond tt;e immedi-

ate vicinity of the window{ Another objective of interio:hz,g

-
A

' strategies is to store sdlar heat’ during periods of excess —f

- .
¢

tqtbe re-radiated later when the room teﬁperéture drops.

= . N

- A masslve floor and wall in the path of the sunlight can

effectively perform. this-function. 8till another objective ’

“
e ——— e —

of building interior strategies is to-facilitate occupant'’s
v * ' .

- use’of daylight as a substitute for* elecfric lighting, N
- “ 7 - hd °
’ﬁ( ‘ thereby reducing energy cogsumpéidn by both the "'lighting ‘

- ahd air conditiogiﬁg systems,

- & N
A ] . L. / .. . °
‘ In summary,cghe design of gﬁe illumination and mechanicgl '/ ' &fb
. . - . . ' . ~ . -
. x systems, the design and color selection of room surfaces, and ,\\;/)
N . 4 R TR - .‘
. - the placement :of massive building components wi}l dzégrmine .
. H . - R #
how much the é&ergy-gained by .windows can reduce illumination, .
R B v, ¢ .
. air conditioning, and heatling enérgy costs. . '
v e . - \"\\\ . - * - ! \J>
\ . . .
- . ‘ \ ~& " ¢ . . .
‘ ‘ . ‘- | 1‘\‘_ ‘e A }’ : -
‘ J . } ; ) ) -
' S ' : . .
v‘ \ Q d
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61 FIXTURE CIRCUITING/Daylight/ - | ) N
—— N / . . - — .
. STRATEGY : -~ . o
" , . ‘ \
Provide separately switched circuity for lights in a Bduilding's
peripheral zone to facilitate substituting daylighting for _
. electric lighting : e ‘ -~ o
- 2 — . .
g PHENOMENAC™ v " . / .
"L_ 1) Daylight penetrates a finite distance into an interior .. !
. to. space. The illumination level can be calculated‘and a °
zone defined where daylight provides an acceptable_level’
of illumination®with no artificial lighting needed. -
2) The amount of ‘daylight penetrating a given space vaz\%s S,
. : according .to ¢loud cover, time of day, and time of ye& <« -
as well as the visible light transmissién of theﬂglazing. '
, » Providing separate switching for two rows of light, &ong /
) ) ‘ near the window,apd one deeper in’the room, would permit "
i T -— " the outer row to be sw tcHed oﬂf wheén daylight. is adequate , |
. » near the window. - 3 |
. N o . - : ‘e |
s |
Dayligﬁ‘tinMe cesses are controlled, poses less of” . o
a heat load on _gh (air -conditioning system than even .- |
- fluorescent lightify. “Thérefore, the capability of . -
' switching on .only the row of lighting needed on a hot - N
. s overcast day saves electricity both im terms of l~ight;ing ot ‘
f * and air conditioning : . - - . 7 |
' . \/__ = \ . ae " ¢
° - . ."Q\ - ‘ ' i
.;,___, - n .
) |
ADVANTAGES: . . e
[ K N A '\”\1' ) ? - ? ‘
. ‘ ‘ - - SN “' _“\ e T ..,_ ' |
! :1) . Redyced elect 7% ,-cdhsumption during the time of the day -
. .. when demand on the';gé:aerating plant is*at a peak. Where- -
s ‘ electric rates are‘hiﬁher during peak periods, dollar ‘
savings are even gfegt?r. - - , . %. ' . . - R ‘
-, DISADVANTAGES' A J oS \- - ) ‘
) ' ' ..' -"" ;'; " ‘ ,.'; ’ ! ’ nx*'f”“
6 . . g e .\ . ‘ %
/l) Potential glare and: greater variation in light level
. compared to: complete- rel‘ia,‘nce on artificial illumination. |
. \ e
‘ . ¢ ' . \
. )" 0verheating if excesges pot conrero,’l.‘leé— with -shading. : s ‘

s ¥ . . _—
' 5 ’ e 6-1 .




-

daylighting may ptovide a more uniform lighting level

throughout the space.
b ) . .

.

S:

e

COST: \ - ;o

Ty
s

-

. ‘¢

4
-

Turning off only the light-fixtures in the area receiving

Addifional:first costs include the material and installation of
additional footage of wiring ahd additional switches.
¢ . , -

’

The. following

figugg illusgrates the amount of light

available from a window in an office space.
The clear'sky curve assumes the sun is directly overhead,

‘ If the sun were lower in the sky 2s in the winter, the
light level in the’ office would be still higher than shown.
If the sun were behind thg building, the light_.level would
approach the,curve for the overcast sky. .(74,Vild, p3)
The actual illumination in”any office may be substant1
lower than these curves. Lower values would actually be

theoretically

1y

" better as the 111um:.nat10n levels shqw‘are‘excessive.

LY

Y

L]

o~

‘Foot
Candles

/’
400

300

Clear Glass

. A Flgure 39 Usable Dayhght akDesk- Top Height vs. blstan(\ ce from the Wmdow
. . . . ’ 6 2 . “‘ N

W e 180
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T 2) The following example shows ‘how. much electricity'can be .
- conserved when daylight weuld.suffice to provide adequate
/| , 1llumination for half thg office six hours a day.

7

Window ' ’ Window =~ ' . '
——— q‘. . / -, *
s
' F"—""?"'P--'--\ -
- . g | : .
=l = - EES S
) - l 3
“ |
—_——t ' l N l . ‘ . . - ——— .
" L N .} T »
NIPE | S BN B Lo -
-~ - * P 4
P N
3 o~~~ ’b‘
— ‘ — )
\,‘ . . « ) . ’ * ' )
Office “A” . A “Office “B"
;o Figure 40. Lighting Fixture Circuiting
*‘ - .
* 8 fixtures
2 - 40W tubes_each - :
| . -
T Assume: .
8 fixtures -~ 4 fixtures 4 ffxtfures '
9 hrs/day ] 9 hrs/day 3 hrs/day ’ ’

5.76 KWH/work ddy 2.88 KWH/work day + 0.96 KWH/work day = 3.84, -

. \ .$1.15/work week $0 77/work week - f . #

o Savings = $0 38/work week *° N g T, -

¢ . . . -
-, .
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62  TASK LIGHTING/ Paylighting '

’ STRATEGY: - - y : /

. /

’ " Provide task lighting sw1tched separately from amBient llght—
ing to facilitate the use of dayllghtlng for ambifent lighting.
C A L ) . s >/ ~ L
PHENQMENA": L : .
{; » . . < . - s ] / 7

1) Ambient lighting in addition to édeduate lighting on a
‘task is necessary to avoid extreme contrast and resultlng
eye fatigue, However, the ambient lighting can be only
approximately 1/3 the level of the task 1Lght1ng ,
(75,GSA,p6~-6) By.orov1d1ng high levels of lighting only/
at the task rather than unlformlv high levels light,
considerable electricity can be saved, both -ffom reduced
lighting consumption and reduced air condltlonlng burden.
By providing separate switching for task and ambient

T . lighting, the ambient lighting can.be ‘turned off when

daylight';g adequate, further increasing the savings. .

»
- . e ,

-

ADVANTAGES N

) A
‘ .
‘ - . ‘. -, -

1) Reduced electricity consumpticm when dayllghﬁlng is
adequate’ fot background lighting. o
2) Individual disﬁf;tion in selecting lighting.for a task,
With conventional uniform lighting, if one person feels
he needs mdére light he must switch on the lighting for
"everyone, . . , . . ~
t: . 3), ¥No electricity, including the resulting increase in air
+ coriditioning 1oad, is wasted by lighting work ar&as of
individuzls who' are absent for part or all of the day.

* &) 'Depending on the mounting system an individual can_vary ,
©, the disgance and orientatioen of the luminaire, relative
to-his ¥ask, to suit his personal preference. .
5

- ‘e

o ~ . ' . <
' DISADVANTAGES :

.

1) ° Possible glare from the task 11ght1ng reflected off the
~ work surface into the eyes of the worker,

. : . 65 . ( ’
o -




N . N
- - 4 . N -

2) Interference with work task by fixture base if the task.
lighting fixtures are oh the work table. ’-

L0 "2‘ Less flexibility iw “Eérms of relocating the task at a
] o 'fgﬁure date if task lighting f1xtures are mounted in the
s ling. .o T A 5 l
T U o
' . , . ) ‘ .
AESTHETICS: . o a t . .

.
&

1?) In 111um1nat1ng the task area more. brightly than the
. . " background, attention is focused on'the work—surface.
. 2) Introducing different 1evels of illumlnati n within a -
. space makes it more 1nteresting than 1f it were dighted
uniformly‘ : , . ‘

v
.

3) Task’ luminaires can be an attractive addition to the

furnishing of a space.- . N

x

CQSTS: .
- N " ‘ * \ .

. * An incande%cent drafting lamp can be purchased for $i9.00.

# .
' . . , »

EXAMPLES ¢

’ v

'

ety
4

Y . #, . o
The office. of the ?ilﬁington Environmental Advisory Service;
Lancashire, England .was experimentally retrofitted with tagk
lighting and daylighting was relied upon to provfﬂe back-
ground lighting as much as possible. This was accomplished

by providing desk Yamps or drafting lamps and removing nearly

-,

three-quarters of th fluorescent lighting tubes selectively 7

. = from the ceiling, Desks were faced towards the darker. center
'of the space‘with daylight then coming from behind the degk
L rather than .from in front of it,. This reduced "veiling )

reflectiona. (Glare from light reflected by the pages’ reducing
the contrast between the ink and the paper.) The fgllowing .
table summarizes the lighting wattages in-the original over-,
all illqmihation system and the retrofitted task lighting and
daylight ambient lighting system. (75, Cuttly,p24)

s .

N\ .

e




VAN )

» .
oo L .

Y . ’

1) / ¢ e
. COMPARISON OF ORIGINAL AND. RETROFITTED LIGHTING

H b

Installation Original Retrofitted
Total lighting (W) 5 "y .- 5130 . 2866
. / v
Lighting 1oad'wfd2 . - . 24,4 13.6
Density of oceupaney (m2/person) 15 . 15
Background lighting load (W) - Ea 95- ° v
, N,
. Total lighting load/desk worker W) 365°. - “149
i . Ay
s,
- . “
-Total iighting load/illustrator (W) 365 »_ ZGQ
- o < . \\
O </ . H ‘J \"v
REFERENCES : 7 Ay
0 ) . /;/ v.“““

s
Architectural Record, "Task/Ambient LiOhting, An Idea Whose Tlme
* Has Come, But Whose Impiications Need to Be Better Understood "
Architectural Record, McGraw Hill Publishing Co. New York, %,
N. Y., Mid August, 19%6 ’ ' ™

o . )

/
Cuttle A, and Slater, A. . "A Low Enekgy Approach to Office
Lighting", Light and Lighting. Illuminating Engineering Society, -
119 Westminister %/;dge—Rpad London, England. Jan/Feb. 1975.

* GSA, Energy Conservation Design Guidelines for Newy Office Buildings
, Public Buildi Service, GoVernment Services Administration.
. Washington, P, X\July, 1975,
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L3

Contrél 1ight switching %With photo-electric 1ight "s¢nsors or
timers to reduce electric lightihg usage during periods of
adequate daylight.; v . . : S

¢

4.

t 'é.\ . .o . .
‘.f:, : ‘ x . -
1) Silicon cells. generate a small glectric currént which .

: varies directly with the light-level. By measuring this
current or heasuring the change, in\ resistance to-a
current pagsed through a silteon or\selenium cell,
changes in 1ight levels can be gensed, electrically.
This information can be used By cdntro systems to
regulate electric lighting automaficall according'to
need. . . ' )

PHENOMENA:

Silicon cells are more stable and faster re ondigg.thgg,z"
selenium cells. $Silicon cells are thetefore hetter R
suited for controlling intérior illumination. \(Sezenlum
cells aresacceptable for less critical tasks such as
switching security lighting.) (76,Zalewski) .
[S e *
- A timer can be built intq the lighfing circuit.to limit '
- the use of certain eléctric‘lights to night-time. -

s

iv\ )
' K x

. [ 4

, 1) Elimfnatdon of the situation oiig.éloud reducing tHe

daylight level, the room occupant switching the, lights
on, ald then leaving them on the remainder of the qlay.

ADVANTAGE%:

~d .

Reduced ‘electricity demand for lighting and asgociated
air conditioning. ' el ’
~ , * - o B '/
Elimination of night-time workers- forgetting to turn out */
lightsfgnd daytime wdrkers not noticing unneeded lights
left 02. ‘ s ’ -




-~ *
. ‘ o : . S vl // *
. - . DISADVANTAGES: ;. ) "t ¢
» P -é' [ M *
. 7 ‘ e ' ’
o ) DLfficulty in purcba31ng "off the shelf'’ lightdsens;ng
L systems. Only, a fels manufacturers are involved in their
. .. production. Furthermore, installati requires careful

. ¢ analysis on ‘a case by case basis. number of prototype

: systems were installed in the 1at2/i950‘s,and early
- 60's, but inexpensive energy greatly extended the amor-
. . tization qf first costs. The inz of inéxpensive energy
. now- provides an incentive for ﬁStalling light-sensing,
light - switching systems. Sevyéral manufacturers have
already identified a market, and are mass preoducing--or

..t have in final design devel pment——highly sbphisticated,
- 'light sensing switching sfztems. ¢
~ -
. . g
" ; '+ 2)- _.Need for ‘the sensors to ' be kept clean. This may require.,

. . ’ maintenance if they are mounted on, the rvof or-outside
) -///' ./ wallsas . )
- VAN ' ‘ :

N b Directional sensitivity of outdoor sensors. This requires
* / careful analysis in predicting what the indoor’ illumi-
y/ nation level will be for the outdoor light level at
k ~' which the sensor responds by switching on or off indoor*
. lights. . v

. L4
. .

v

aéf/ Greater variation in indoor light level when daylight is
depended upon, Variation may be considered a disadvantage
* or an advantage depending on personal preference. ., -

4
£l

THETICS; ~ - ‘ ' :
. / - (‘*‘
/ . . 4
1) The'light sensor component of the, control system cah\
. readily be made inconspicuous in the ceiling gystem or
"b ilding facade. . : . L.
anges from side daylighting to overhead electric )
iglhiting during the course of a day provides a change in
the character of the.interior space, Interior forms are
highlighted in a different manner and the direction and
definitiveness of shadows change. . , N




AL

COSTS:

L3 -
.

N

In addition to the hardware cost of/the actual. control
system, consulting cdsts.are incurred because 1ighting
specialists must balance the system. Predicting day-
light is a difficult problem because the absorption and
reflection characteristits of both indoor and outdoor
surfaces musy be evaluated as,well as the variability in
the direction and intensity,pf the light source,

[
kS

Circuiging the lights to addltional sw1tching codtrols

-is ‘an added cost . / o cu

o :

/o -

b

. . . )

‘ ‘A skylight. manufacturer offers’ a daylight sensing, light

‘¢éntrol system: A ‘tirme delay.is built into" the relay ¢
system so that a change in daylight ‘leVvel must last .
longer than ninety seconds. This reduces rapid cycling.
when clouds- pass in front of the sun. A countefr is also
included to lock the lights on for a period of an hour

if the lights are switched -on and off more than three
times 1n less than ten minutes. A clock can be included
to prov1de-automat1c (as well as manual) over-ride to
the system during weekends, holidays, evenings, lunch °
hours, and custodial hours. (76,Commendo) N

. L

A recent development is a solid state dimming. control

.When a silicon cell senses the daylight level, the .* .
contyol system varies the electrjc lighting-output\con-.
tinuously (rather than incrementally)r (76,Longende fer)

A photéxactiyated intérior venetian blind is manufactured
in Great Britain. Bamks of up to 30 blinds can be
operated from one photo-cell unit. The control can be
restricted to oifly tilting of the blind, raising or
lowering being accomplished manually, or the entire
operation ‘of the blind sysfem can be automated (74,
Beckett and Godfrey,p295) g

-

An experimental system was’installed in two classrooms:
of Heather Drive Elementary School in Aurora, Illinois.




\

S ——

. e

nearest ‘the. interior wall when the outdpor lighf level
exceeded 1500 foot candles. A second row was. turned off
at 1000 foot candles, third.at 850 foot candles, fourth
at 700, fifth at 600, and the sixth (nearest windows) at
500+ vAfter carefully measuring the. electric consumption |,
for #n entire semester,, it was found that two unautomated
classrooms (used as an experimental‘tontrol) used 56

automated switching (63, Chapman,pl93)

. -

5) New office space in a” San Francisco bu11ding has been .
provided with ancillary lighn ng in certain areas which -
T is controlled by a photo-cell dverride which 1limits its
_use to non—daylight hours«only. (76 Architectural :
Record,pl20) ; R ’
6) One floor of fhe Manchester Federal Office Building is
equipped with automaticsgswitchi The three perimeter

¢ " .rows of lighting are connected to -photo-electric -cells

- ‘adjacent to each row of lighting. When daylighting is

“r, s+ adequate, ‘each row is 1ndependently switched off: A. +30
pa—— a second’ time delay prevents the lights from rapidly

\

switching on -or off as would be the case with a cloud
mpmentarily ‘blocking the sun. (75 Isaak ,p23)

e
.

. };EFERENCES? t T .

,"""’Architectural'Record "Task Ambient Lighting”Architectural- . -

.
. . . ‘ kd =~

e v

Record, McGraw-Hill Publishing Co., New York, N. Y., Mjd> . %
August, 1976. ‘_ ; ’ . '
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-

~

;Beckett, H. E. and Godfrey, J. A., Winhdows, Performance, Design,

and Installation, Van Negtrand Reinhold Co.; New York, 1974.

Chapman, William P., "Automatic Controls Can Cut Lighting Costs"
A

‘Commendo, John, telephene conversation Naturalite Skylights,
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Architectural Record, McGraw-Hill Publishing Co.; New York May
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'Garland Texas, June 1, 1976
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General Services Administration Public Building Service, i
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percent more” electri than did the classroems with .
)
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; ~64 INTERIOR COLORS/Daylighting S : )
. \ L . .- \
STRATEGY: . ,
*» % - Paint 1nteriorasurfaces a light color” to' increase the light

. level possible from daylighting.

) .PHENOMEENA

'1)'

s, /
. o L
: . 4 3

e & i
' A

Light* colored surfaces reflect light increasing the

ambient lighe level for a given amount of available

‘ljght. Dark surfaces absorb light decreasing the . ‘

éﬁb;ent -light level. The following tablie gives typical

»-

.

-
©

Eflect;on facto:s for different colors'

N

L4

-

. e
REFLECTION FACTORS OF COLORS

(75,Kern,p336)

N

s

° . - Y
s i N . H
& - COLOR o REFLECTION FACTOR :
White ¢ * . . . 80 to 90 percent ..
© 1 » PR
. ' =,
S Pale yellow, rose - 80 ) .
' Pale beige,” lilac - ., 70 .
* Pale blue, green ~ 70 to 75 <.
- . " “\ : .' “
Mustard' yellow * 35- \
. ’ * ~ * - * ) 1 A
. ”. Medium brown o 25 ¢
Medium blue, green - 20 to 30
~ g’ . -
) Black T o 10 \ )
- - K
, - Note: Reflection factor = reflected light/incident
light given as a percentage.
The exact reflection factors for a given colof can be ’ AN
e determined by matching it to a standard system of colors .
. . called "Munsell Colors" and using a conversion tfble to
‘ . o determine the ref ectivity. (72,1E8,p5-16) - , °
- -A l ’ r
] I o 6-13 n ,
. a Y




.

REFLECTION.FACTOR -~

. SURFACE - -,

* reason,

Ceilings .

Fnd walls: : :.

3

1)
H .

in poorly lighted room
in well Iighted\rooms

‘Walls containing-~window(s

.. ’ ‘?
Floors

«

180 percent

70

) * 80

Note: e

.

-

t

The’ use of light' reflective colors on the wall(s) con-
tainding window(s) decreases the’conkrast between the

windows and the surrounding®surfaces
the window frame, sash, and
be a light color.
or*qpposite windows should have a matt

For the same’

finish to*

alleVviate the.’potential .problem Qf\?éfi cted glare.

. . . .
The "I'itkelthood- of-

- 1)

Y

L8

lessened if it i1s furnished with dark
carpeting, wall hangings, and furnit

s *

ADVANTAGES:

Increased availabiligy of daylight for, task 111

. <
aro

or ambient illumination. -

-

;dequatei§,daylit is. .
d draperies,

olo

v

Decreased likelihood of'glare *rom excessive’ comtrist
* between bright windows and ‘dark\surroundings.

+~ 7

DISADVANTAGES: S

.

»

N

=

A

¢
i

ntins should also
Light cokois on sunfaces adjacent to

Dirt,
K 1ight -colored surfaces.

fingerprints, and

~

gﬁfff marksﬂafﬁ'égre conspicuous on

* ,“'%-s. RN .

4
H

ination
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AESTHETICS:" . o,
~ . , . ’ . . . . .
1 . ) .
Selected colors can have i teresting effects upon peoples. A
gle of thumb" is to use’warm cdlors (yellows, oranges,
¢« re s) in north-facing rooms receiving little or no sun, and .
cool colors (greens, blues, and v1olets) in rooms rece1ving
.plentiful sunlight. -~ v \
‘ . ' ’ ' -
B . < .
COSTS™ o , \‘ -, .o
. e .o - i N - ;.
é » . x :i
' The cost of light colored paints versus dark colored paints
* ' is the same ox insignlficantly different. - ) "
£ ) , - - . )
EXAMPLES: - o <.
s . . L e

The following table illustrates the imprpvement in illumination
both in* uniformity and brightness possible with 1ncreasing
reflectances of walls, floors, and ceilings. The illumination
at the rear ¢f a room with very dark surfaces.is used .as the"
basis of cOmparlSon. The room is 30 x\32 x 12 ft. high with

6 ft. directional glass block the full 32 ft.- length..'(§6, ’
IES,p7-10)

Pl .

EFFECT OF .SURFACE REFLECTANCE.U?ON REL. ILLUMINATION

. . 4 o °

Reflectance Factor.

distahces,from ‘fenestration

-Relative Illumination.at various
"+ +(percent)

N ‘ ¢ .
Walls Floor ’Ceilingy -3 feet 15 feet® 17 feet v
[ .a‘ . - . ‘ »
e ‘6. 6 6 6.57 1 2.6Ber 1.00
" 28 28 28, 8.55 3.62 -+ 1.60
' < ' ’ ¢ ' .
62 - 28 ° 62 ¢ '11.9% 5.75 3.16 :
4 - ‘4 ‘ . -
REFERENCES: . N N
o R ’ e . . ) N ;?\
1ES, IES Lighting HawdBook, Illuminating Engineering Society, New =2, -
York N. Y.. N 1.966 v, 3 . ' Fo o

. ]
'

Kern, Ken, The Owner Built House, Charles Scribner's Sons Inc., e
New York N. Y., 1975 . T

L 6-15 . . :
: ‘ . . - ! " .
) ’ £ 3 I N '23()23 . . - ‘ )
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65 ' THERMAL MASS/Sola Heating
. o ’ ._‘— ‘\_ ' . 0
STRATEGY: ' )

, ' . f
. . N S L
v

Locate massive materials directly in the path of winter sunligﬁt :
.transmitted through windows in order to store part of the
incoming solar heat, avoid overheating, and provide re- radlated
. heat - durtng non- sunlit hours.

1

PHENOMENA:

-

~

[ T

Y -

£ .
Large window areas, especially in small rooms, can transmit .,
so much solar energy that overheating may occur during
periods of peak solar intensity. This. can be partially .
remedied with the use of heavy, massive’ materials, - If.'the
sunlight enteripg” a room falls on,the surface of a massive
material,- such as a slate floor, part of the energy is
reflected as light, and partof the energy is abSorbed and

' 1)

becomes heat.° This hea

rajses the-~surfuace temperature of

the material,

Wheh the internal temperature of the material

is.loweér than the room air temperaturez the heat is con--
"“ducted inward into the mass of the material. When the room
.. . temperature later begins to drop and becomes lower than the
Y . surface temperature of the material, the’heat :accumulatéd
within the material flows outward. The heat is returned to
'~ the rcdm'by~convectionwat“theﬂsurface—eE-%he~ma¢e§i&¥7~a
by radiation from the .surface of the materidl -to .Opposite
. : and adjacent room surfaces with a 1ower temperature.

. ————

[y

How effectiqg ajsmaterial is in. storing‘heat caﬁ%be judgeJ
y . from its ability to absorb sunlight, conduct surface heat
into éts mags (conductivity), and hold the resulting heat.

The aBility of a maéerial to abserb sunlight is Iargely‘
determined by ‘its polQr and texturegh The following °
e

[

table provides an approximation of

percent of solar’

radiation absorbed by different colors. - (65, ASHRAE,pl_
6) p
o A COLOR- ~ . PERCENT ABSORPTION " |
(' ‘t . whfte, émoqth surfaces 25 to 40 percent i -
", 77, 4 gray to dark gray- 40 to 50 - . v
. yﬁ{? green, red, braown + 50 to 70
$* ,  dark brown, blué - 70 to_80. o A
e S . ‘iark blue, black \ 80 to, 90 T . B

v

2 M - .
. J

- v . ‘. M

6-17
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s . o . ‘ - IS >

. 3 The ability of a material to .hald.heat can be judged by its |
* 'thermal capacity" which equals its density multiplied by .

) . its specific‘heat. (Density: ,/Founds per cubic.foot ér ; L
. . kilograms per -gubic meter; Specific heat: . BTU/1b°F or 7_ b
v * KJ/Kg c.o - N .
/ - . . ’ ' ® _,
. . . . The grea,ter the thermal t:apac1ty, the, better the material
P : is for storing heat, If tyo materials have a similar
T ®  thermal capacity, the material with.the higher conductiv- J . .
‘ ( ity is a better storage ‘medium. /The following table . . v
. provides information on both solar absorption and thermal
capacity of several common, materials., (Calculated from 67, o
- ‘ . Baumeister,p4-11"and 6 -8) C s
y . ) SUITABILITY OF MATERIALS FOR STORING HEAT FROM SUNLIGHT | < N -
. . ‘.u y .
. - . L. . t. . . CONDUC- v, N
 MATERIAL-COLOR TOTAL PERCENT THERM}.R CAPACITY TIVITY .
" SOLAR ABSORBFD! - (ETU/°Fift,3)-  BTU/hr ftF )
! ) . Y o > . N :
. ?ricm\—jﬁlazerd white ' 0.26 ' 24,6 L. . . f'
. . . ) . . 0.4
. . Brick - common, red 0.68 ] *24.6 . ‘
. . ] . .
Marble. - white T0M4 . 35.7° . ‘
S * 2
. . : . - v 1.5 -
\ *.  Marble - dark . ) 0.66 35.7 -y
oo ‘. , - ’ ) . .
- Granite - reddish **0.55 ¢ o 322 . L
- . . v - a : <
Slate - blue gray 0.87" R ¥ i Mo G v ——
3 N - SRR P _‘"
- Slate - dark gray, rough . ., 0.90 . . 371.8 o, -
) . . “ - L .
. - > -
. Concrete - =~ . 0.65 . .7, 22,5 ", . 0.54_- .
4
Wood - white pine R : 18.1 0.06 '
Wood - white oak * 274 ", 0.10 .
4 . - . . -
‘ . .. .
Steel - enamel red . 0.81 58.8 - 26.2 ’
, . _ . - . .l
Water X ‘ “62.0 0.35 P
. - 2 R 1] s
. NOTES: - ; e . ST
"+, \. source: (65 ASHRAE,pl-6l) ~ - , ‘
r * [N
' ) . 2.¢ Conductivities are given without regard to color in . . s
N SN 72 ASHRAE,p57O . e e
4 . , F] ¢ - - - © - . =, »
. 4) - The following table can be used as a guideline to roughly , °
: , approximate how much mass should be Rrovided o store a R R
: . window s solar heat gain. (Square eet of material ‘per
B NP :
o . LY. ! * | N . . .
ERIC 7 = . L , : N

Aruitoxt provided by Eic: . -
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ysquare foot -of window.)

leferent areas of material are
given for’ different thlckness of materlals, for different

. average inside-outside temperature differences.
) Anderson,p46) ,The insidé-outside tempgrature differefice

is important because it determines’ how much ‘heat is )
needed ¥to maintain a ‘comfortable room temperature,

amounts of daily solar heat, gain, and for different
(7%,

Not

given is the ‘resistance’ to outward heat flow afforded by .

* the building envelope._ A well irnsulated double glazed *
‘ rgsidence would require less mass.
C . ous . . = .
AREA OF'CONCRETEeRFQUIRED TO' STORE w1§Bow SOLAR HEAT GAIN €SQ.FT.)
' Average Daily Allow. Inside
_ Solar Heat Gain’ Temp. Swihg THICKNESS OF CONCRETE? -
"~ Through the Windowl {°F) 2™ 4" 8" 12"
2= ( . )
AN G ] > 5 25.00 © 12,50 *~6.25  4.17
, . - 10 1250 - ~  6.25 3,13 . 2408
500 Btu/ft 15 8.34 4,17 2.08. 1,39
v . 20 6.25 3.43  1.57 "l.04
. . 25 5.00 2,50 1,25 -20.83
1] ? / .
5 37.50 18.7% . 9.38 . ¢6.25
. , 10 18.75 9.38 """ 4,69 3,13 °
758 Btu/ft .15 12.50 . 6.257 ‘3,13 | 2.b8
.. 20 9.38 4.6 ~'2.35 . 1.56
‘ 25 . 7.50 3.75y I.87. 1.25
5 .+ 50.00 25.00. .12.50  8.33
‘ -~ A . 10 " 25,00 . 12,50 , 6.25  4.17
1000 Btu/fe” 4 . Y15 * 16,67 8.34 4,17 2.78
C AN 20 " 12,50 6.25 3.13 2.08
y 25, 10.00 5.00 2,50  1.67
[
. ] 5 62.52  31I.25 15,63 ‘1042
. ) 10 31,25 . 15.63'- 7.81  5.21 °
1250 Btu/ft 15 20.83. 10.42 5.21 3.47
: * . - 20 - 15.63 . -7.81 3.92°  2:60
‘ . 25 12,50 , “6.25 3,13 * 2,08
S 5 . 75300 37.50 . 18,75 *12.50
1500 Btu/ft 10 37.50 18.75 .9.37 - 6.25
. < 15 *25.00 12,56 © 6.25  .4.17
- 20 - 18.75 9.37 _ 4.68 3.2
S 25 15.00 7.50 3.75 . 2.50
' Vo 5 '62.53 © 31.260 15.63 ":10.42°"
. o 10 31.26 15.63  7.81 5,21
. 1750 Btu/ft 15 i 20,83 10.42> %8721  3.47
L ‘ ’ 20 15.63. ' , 7.81'1 3.92  2.60
- d ’ ? 25 12.50 6.25 3,13 2.08
. . s . ' g—a“ .
TE ":’:r- . . "
g $ 6-19 - N o,
o o - % o S ' « (o - A.l A
~ . 209
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he average daily soIar heat gain for a specific =+~
regibn and ‘orientation can be found ch pages 388
‘o -~ . through 392 of the:1972 edition of the ASHRAF,

' Handbook of Fundamentals, : ) ~.

-~ . - 4
,

L .

é 2) To estimate the area of other monolitHic materials .
t required,, multipiy the areas given in the:table by -
* : , the following values: * -
L d .
P " wood ©  1.00 " stone 0 83 S
, "brick 0.86 ‘water

) '- ° - I3 - * .
5) . Massive materials may be effective during the summer, if
the .night temperatures are substantially lower than into

the daytime temperature. OQutdoor night air allowed'to : s
. . enter .through open windows and passing over” a massive . , .
g . material will lower its surface temperature. Subsequently,

the internal heat will be drawn out of the material.
< During the day, if ‘the outside air temperature is greater L o
, . thann the indoor air temperature, the windows are closed
and shaded. As the room air temperature rises, heat is» - _::}
absorbed back into the cooler massive material The '
- ‘rate at which the rofm air temperature rises is thereby
‘ reduced, ° ° ) .

M 6)° The geometry of a building mater%al will also affect its
" ability to, store winter solar heat or summer evening R
coolness. Steel is .a good storage material due to its .
high density (in spite of its low specific heat). T ’ .
! However, if the material occurs in a shape with a great
' _ deal of surface area such as a,widg flarnge beam, there
. is very-little thickness where the heat can be stored o
unless for a short period, of time. The large surface-
— area to volume ratio limits the ability of the beam to °
' store heat. . . : ’ .o
14 oot .
7) The effectiveness of a massive mater1al in augmenting the - .
heating or cooling system can be increased by embedding airs
ducts or copper tubing in the material and routing the heat e

. transport medium of the mechanical ,System through the slab. ¢

vy

v .
.

. ADVANTAGES . ‘ -
1) Increased utility of solar energy transmitted through windows. .
» - B ‘4 °

“w 2) Delayed day time temperature rise during the summer .

.

’ 3) Reduced frequency of heating or cooling system cycling - ‘ .
o ! - (switching on and off) due to the "thermal inertia" of the - .
massive material’, . .

- o

®

_4) Reduced sound transmission when massive materials‘@re used :

¢ between spaces to be acoustically separated o ) -

¢ ' ‘ . . ‘6-20 < ) \ ‘; " .
ERIC- ... L o o




\
\
i

- DISADVANTACES : : . e \
’ 1) Decreased responsiveness of room temperatures to the
heating or cooling system, .
> \ _ . ‘
-,:2) Increased reverberation of sounds witHin the room due |
d Yo to the surface hardness common to dense, massive
-

materials.

‘ - 3) Decreased flexibiliév in furniture arrangement.

-

“4) Decteased flexibility in repartitioning fleor space ,

- when maséive ‘materials are used in the interjor wall
construction. Lo . -
5) Increased loading'whicn must be carried by the structural

- system. (However, the masSive material may be part of

o the structural system as with load bearing interior
‘ masonry walls.)

N

‘

AESTHETICS: . ) ; . q ’
R ;‘J\ . . .
1) Massive walls, floors, or ceillngs give a sense of N
. e -0 -+ permanence; - “ .
' o
2) , The hard ‘surfaces of massive materials may be smooth
} .o . ", or textufed to reduce their harshness. .
« 3 Tapestries, rugs, and “other coverings must be located ,
3 — 'so as not t§ reduce the” effectiveness of massive - .,
' A materials._ * -
< o . . K - s < .
’ COSTS: : ) - < - 3
X . LR . -'?' . .
. o . ' . . ( . \-t B

v The cost of massive materials such as concrete, marble,
L . slate, or brick flooring may be justified on an_ aesthetic,
¢ * durability, or Structural basis with the thermal mass

considered a supplemental benefit.

. . .

. . »” ‘t'&‘L " . , . ¢
o : . [ I * + .
MLES- e N z -~ N - b
P . v M a . N D , =
= ~ ‘ : - - * .
- - >~ - - Y
. . 1)

The National Concrete Masonry Association, using the.
. National Burehu of Standards Computer Program (NBSLD)
' to evaluate the effects of mass on the slze of air

? . - P >
- .

-2t
. \)‘ ' ’ ! '6‘“ ’ ¢ ‘. ’ »
SERIC @ & S R0
v;%HHMMﬂE oty ‘h - ' oL, - - L )
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_» house *has a large amount of interior mass.

+ to~the night sky.

Vs

conditioning._equipment, calculated a 16 percent reduction o

« “in peak cooling load could be achieved thﬁpugh the usge

- of massive materials., 1In the first series of computer
runs a 2-story buildlng was exposed to a 24Ahour ~cycle.
of temperatures ranging from 76°F to 94°F. FEor the 4
first computer run the walls were assumed to be composed - .
of wood studs and insulation faving a weight of 8 1bs. '
per square foot and U-value of- 0,10, Results of the ) . .
analysis indicated that maintaining’75°F would réquire .. Y
air conditioning- equipment with a peak cooling 1oad
capacity of 40,500 Btu per hour. For the second "Q ' ‘
computer run the walls were changed from insulated ‘1
wood frame<to insulated concrete masonry with the same. ‘ :
_ U~value, but the weight was increased to 40 1bs. per, \_ '
square foot (8" light-weight concrete-block). The N
peak load was then calculated to be 34,000 Btu, or a ‘
savings of 6,500 Btu, a reduction of 16 percent, . .
(75, NCMA—TEK,pZ) g ' PR
A house in Santa Fe, New Mexico - is entirely heated B
from solar heat transmitted through 384 sq. ft. of N

«south~facing double glazed windows, To absorb the L
heat and keep the room. temperature comfortable, the . %

Walls are , . t

l4-inch adobe, floors are brick with 24 inches of . ‘ Y

underlying adobe, and several benches in the path of i

. i

' the.,incoming sunlight contain’ 55 gallon dyums of o

This mass 1s capable of keeping the home - |
' (76,Cole,p22) = -

water,
comfortable for three to four sunless days.

A vacation hpusgjin I1linois built by the owners- for
approximately $10,000 is capable of achieving tempera- \x .

tures yp to 100 degrees with window solar heating . y *
. (37.8°C) when the outside temperature is five degrees '
(-15°C). e -of the key compagents of the system is Lo
wthe proviston of heat stordge.™ Twd 16 cubic feet \
igsulat _steel tanks filled with’ water are located-in .

‘the ‘path of sunlight entering through side windows and
skylights. LOpened reflective panels outside the
window reflect. additional sunlight through the'skylights
during ‘the heat collection period, then the panels are R
closed at night to help reflect the heat radiating )
from the storage tanks back into the'room., In the '
summer the process is reversed: the panels are closed
during the day then opened at night to allow the heat'
accumulated in the water from the room to be dissipated
(75,Hbuse "and Garden,pl34)

»° A

<3 ‘ B -~
. . . .

R
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- . I V. S , S . )
i . CONCLUSION , - )
N A C - d N ,
° A window can be a’ solar collector introducing valuable
«+ * ' energy‘which can lower winter heating tosts; a source of illu-
mination which:can spbstitute for artificial lighting tg lower
electricity expenditure; and a means of fatural ventilation which
¢ . can ﬂostpone the need for air conditioning in the spring and-’
- ) " fall, and substitute for ajr conditioning on cool summer - evenings.
. L4 > . —
v . Numerous design strgfegies can. improve these capabilities of
‘;§\~ a window. The solar energy a window receives-can be Increased by

) light-colored adjacent ground surfaces and by favoring southern ,

. exposutres. The usefulness of sunlight inside the building can be
increased by prov&diqg mass to store part of the sun's heat. The
utility of daylight’ can be increased by providing light-colored
walls and ceilings, and by fadéilitating the subst’itution of
dayldght for electric light. Examples include separate switching |

P sof perimeter lighbing, task lighting separate from ambient
lighting, and  automatic control systems driven by light sensors
and/or’ timers. Finally, the ability of windows to provide venti-
lation can be improved Ehrough proper orientation to prevailing

¢ winds and by selecting bperating0w1ndow types which effectively

diregt .the entering a exitlrig air stream. Even when fixed

glass is required, oppggtunities for adwitting outside air are"

i
available with frame veﬁtilators or thru—glass ventilators, . .

\

bé81gﬂ strdtegies can>likewise mipimize the window therhal
. load on mechanrcal systems. Winter Keat, loss through windows ca
be reduced with double glazing, storm sash, or edge—sealed,tra 5— /

parent roll shades. Night-time heat loss can be minimizeﬁ with g/
tight-fitting draperies, opaque'Foll shades, or insulating shytter
Leakage of unconditipned outsidé air #n and conditioned inside
air out through windoy cracks can be greatly reduced by initially
. installing good quality windows, by providing weatherstripp ng,

< -and by landscaping and exterior appendages which reduce th¢ forge

of the wind. Einally, there are nuumerous means of blocking jsolar

heat gain in the Summer, the most effective solutiong beiy g
. exterior appendages or siteisolutions.q . ! - v’

" Window deSign strategies can provide occupant witl more *
,freedom in managing their fndivdidual environments, and fwhen .
effectively used, they can hnprove comfort, and reduce purchasetl .
energy eﬁpenditures. 2 o / = '

o
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N qf'stand

4 typucal plant can save about 20 percent of its
fugl—just by installing waste heat recovery equip- -
meRt. But with so much\equnpment on_the market,

. nog o you decide what's right, for you’7
o =,
Find the answers 1o your problems in_the Waste
Heat -Management Guidebook; a “new Randbook ©
from'the Commerce Oepartment’'s National Bureau
s and the-Federal Energy Administra-
\ tion. , “ s

\ . >

*

The Waste Heat Management Guidebook is de-
_ sighed to help you, the cost-conscious engineer or
' manager, learn how to capture and recycle heat

that4s normally lost to the enwronment during |n-

dL(stnaI and pommerCIaI processesﬂ
\ \
‘The heart of the guidebook is 14 caSe studies of
companies that have recently installed, waste heat
recovery systems and profited. One of %hese appli-
- cations may be right for you, but even i\ it doesnét
fit.exactly, you'li find,helpful approaches to solving
- many waste heat yecovery problems. ,},\ -

' 4 :
A\ o
. ' . *

NN \

o . .
l: lCIU S. GOVERNMENT PR NTING OFFICE: 1977-2 40-g48
“ e N\ N

s ., \

.
. .

\

_U.S. DEPARTMENT OF céMMERCE/Nanonal Bureau of Standards
DERAL ENERGY ADMINISTR TlON/Energy Conservation and Environment-

?LAZl \ S

in addition to cas studies, the u1debook contalns
mjormatlon on:

. .
sources and uses fwaste heat ", , (.
determining waste geat requirem nts
economigs of wast heat recover
commercnal optiansg in waste heat recovery
equnpment \ .
insfrumentation - ’
engineering data for vMste heat recovery .,
assistance Yor dqg,gmng gpg .installing waste
heat systems ’;‘* : \\ - s

: 'y

To order your copy of th Waste Heat Management
Guidebook, send $2.75 per copy (check or money
order) to Supenntendent of Dgcuments U.S. Gov-
ernment Printing™0ffice, Washington, D.C. 20402.
A discgunt of 25 percentis givep on orders of 100
coples or,more mailed to one address.

o l

.The Wdste Heat Mana}ement Guidebook fs part of

the EPIC ‘industrial energy management program °
aimed at helping industry and ¢dmmerce adjust to
the increased cost and shor{age of gnergy,
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Building Science Series—Digseminates techmcal infor-
mation developed at the Burdau on building materials,
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dures published by the Deparfment of Commenrce in Part .-

10, Title, 15, of the Code”of Federal Regulations. The
purpose of the standards is to establish nationally rec-, v~
ognized requirements for products, and to provide all
concerned interests with a basis for common under-
standing of the characteristics'of the products. NBS
administers this program as a supplement to the activi-

ties of the private sector standardizing organizations.

baséd en NBS research and experience, covering areas
of interest to the consumer Easily understdandable lang-
uage and illistrations provide useful background knowl-
edge for shopping in today’s technological marketplace.

Order abowe NBS publications® from: Superintendent

of Documents, Government PrmthWashmgton, -
20402.

Order following NBS publications—NBSIR’s mzd FIPS »
fiom the National Technical 1nformatlen Services,
pungﬁe(d Va. 22161.

Federal Information Processmg Standards Publications

(FIPS PUBS)—Publications in this series collectwely
constitute the Federal Information Procéssing Stand- *
ards Régister. Register serves as the official source of
information in the Federal Government regarding stand-
ards issued by NBS pursuant to the Federal Property
and Administrative Services Act of 1949 as amended,
Public Law 89-306 (79 Stat. 1127), and as lmplemented
by Executive Order 11717 (38 FR 12315, dated May 11,
1973) and Part. 6 of Title 15 CFR (Code of Federal
Regulations).

NBS Interagency Re s (NBSIR)—A special series of
interim or final repoTts on work performed by NBS for
outside sponsors Aboth government and non-govern-
ment). In genera], initial dmtnbutlon is handled by thg
ic distributjon is by, the National Techni-

cal InfoNpation Services (Spnngﬁeld Va 22161) m
,.paper copy\or mncroﬁche form, 1 3 N ..
\ o V.
SERVICES T, .,

end subscriptjon orders and remittanceg for the pre- % 4
ceding blbhographnc services to Natipnal Bureau of
. Standards, Cryogenic Data Center (276'02) Boulder,
Colonado 80302, . ~



